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ADVERTISEMENT. 


A OUT twelve years ſince, not long af- 

ter the Author of this Eſſay had left the 
ſchools of Medicine, he began 16 be diſſatisfied 
with the common theories of reſpiration and the 
heart's motion ; and as he had not met with any 
writer, who had given, as he thought, a Juſt 
account of the vital and other involuntary mo- 
tions of animals, or derived them rightly from 
their true SOURCE, he purpoſed ſometime or o- 
ther to write on this ſulject, if not for the pu- 
blick, at leaſt for his on ſatisfaftion, In pur- 
ſuance of this reſolution, the following Eſſay was 


begun in the year 1744; and might have been 
finiſhed long ago, had not the author”s time been 


greatly taken up with more neceſſary buſineſs. — 
In compoſing it, he has been careful not to in- 
dulge his fancy, in wantonly framing hypothe- 
fes, but has rather endeavoured to proceed upon 


the ſurer foundations of exf eriment and obſerva- 


tion. 


EW) 

tion. No doctrine in Philoſophy, which was 
not built on theſe, has ever been able to ſtand its 
ground for half a century; and the theories of 
NEWTON, and ſome. few others of the more 
happy Philoſophers, have therefore triumphed o- 
ver all objectiont, becauſe they were founded on 
nothing elſe but plain fads ; fads indeed, whoſe 
exiſtence was perhaps unknown before, and whoſe 
influence is ſo extenſive, that while they are ſim- 
ple and uniform in themſelves, they ſerve as cau- 
ſes for explaining innumerable Heck. On the 
other hand, in the hypothetical method of philo- 
-fopbiſing, cauſes are uſually aſſigned, which not 
only cannot be proved to exiſt, but which are 
Frequently more intricate and com plex than even 
the ef ect. to be e. plained from them. And in- 
deed, it cannot be es pected that unguided imagi- 
nation ſtoulil hit upon the truth, fince nature 
has ſo cl:ſely concealed many of her operations, 
that they often e'ude the united efforts of genius, 
mduſtry and exper inient. , | $40 5 
N LEE \ There 


There is one favour which the author Would 
aſk, of thoſe who may tale the trouble to per- 
uſe this performance, viz. that they would de- 
lay paſſing judgment upon any PART of it, till 
they have attentively and fairly conſidered the 
WHOLE ; becauſe it is apprehended, that the 
theory of every one of the motions here explained, 
ſupports and ſtrengthens what is ſaid of the ret, 
and that when all are taken together, each re- 

ceives an additional weight of argument, and ap- 


pears in a ſtronger light. 


EDINBURGH, 
OcrTos, 1. 1751. 
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IN VOLUNTARY MoTIONS 
= l 


ANIMAL'S 


Sg an par Fo 
HysS10LOGICAL writers have divided 


the motions of animals into voluntary, 
involuntaty, and WET WI 


Tur voluntary motions are fuch as proceed 
from an immediate / exertion of the active 
power of the will. The involuntary and 
mix'd motions (which laſt, though ſubject 
to the power of tlie will, yet are not ordina- 
rily directed by it) may be aptly enough 
comprehended under the general denomina- 
tion of 8PONTAXEOUS ; ſince they ate pet- 

A ſotmed 
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formed by the ſeveral organs as it were of 
their own, accord, and without any atten- 
tion of the mind, or conſciouſneſs of an ex- 
ertion of its active power: ſuch are the 
mot ĩons of the heatt, organs of reſpiration, 

ſtomach, inteſtines, c.; which have been, 
alſo, diſtinguiſhed by the name AUTOMA- 


ric; though perhaps there is an improprie- 


ty in this term, as it may ſeem to convey 
the idea of a mere inanimate machine, pro- 
ducing ſuch motions purely by virtue of its 
mechanical conſtruction: a notion of the 
animal frame, which ill agrees with the in- 
activity and other known properties of 
matter. 5 

ALTHOUGH we m may be at a loſs 1 to ex- 
plain the nature of that ſubſtance in the 
nerves, by whoſe intervention the mind 


ſeems to act upon the muſcles; and thougli 


we may be unacquainted with the intimate 


ſtructure of thoſe fibres upon which this 
ſubſtance operates, yet we have no room to 
doubt that voluntary motion is produced by 
the immediate energy of the mind; mani- 
fold experience convincing us, that though 
there be required certain conditions in the 
| | body 
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body in order to its performance, it is 
nevertheleſs owing to the will. Nor ought 
we to be ſurpriſed when we meet with theſe 
kind of difficulties; for they attend moſt of 
our inquiries and reſearches: — Thus, though 
the laws of motion and gravitation be fully 
underſtood and demonſtrated by philoſo- 
phers, yet the firſt cauſe of motion, the 
manner in which it is communicated to 
bodies, and the nature of gravity a have 
never been explained. 1 bn 
Bur how. it comes to paſs that many of | 
our muſcles are brought into contraction, 
not only without, the , concurrence of the. 
will, but in oppoſition to its ſtrongeſt ef- 
forts, and why moſt of the organs of ſponta- 
neous motion are continually agitated with 
alternate contractions and relaxations, of 
which we are no ways conſcious, while the 
muſcles of voluntary motion remain at reſt, 
and are not contracted but in conſequence 
of a determination of, the will to that end; 
are queſtions which | have, occaſioned no 
ſmall debate among medical writers, and 
which as yet they are far from being agreed 
abont Fo clear up theſe points, is the 
bie2:2 principal 
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principal deſign of this. Eſſay ; and I flatter 
myſelf that the following account of the 
vital and other involuntary motions of ani- 
mals, will not tek recommend itſelf to equal 
judges by its ſimplicity, than by its agree- 
ablenefs ro the known laws of the animal. 
economy, and the eafy ſolution it affords: 
of all the phenomena of the human frame 
reſpecting its involuntary motions. 
NaTURE, as far as we can judge from the 
plan and ſcheme of things ſurrounding us, 
delights in ſimplicity and uniformity, and, 
by general laws applied to particular bodies, 
produces a vaſt variety of operations; nor is 
it at all improbable that an animal body is a 
ſyſtem regulated much after the fame man- 
ner. Following the path, therefore, which 
Nature has pointed out in her other and 
more grand operations, I have in this Eſſay 
endeavonred to ſhew, that all the ſpontane · 
ous motions of animals-are explicable upon 
the fame principle, and owing to one gene- 
ral cauſe. How far ſome authors of great 
note hare been unſucceſsful in their inquiries 
into this matter, from their neglecting ſo 


obvious an analogy, and endeavouring to 
explain 
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explain the vital motions of almoſt every 
different organ, by a different a is! left 
to the Reader to judge. | 

As the heart is one of the principal organs- 
of the body, and its action immediately ne- 
ceſſary to life, 1 ſhall begin with inquiring 
into the cauſe of its alternate contraction 
and relaxation, and whence it comes about 


that theſe motions are performed without 


the mind's ſeeming to have any concern in 
them, nay in oppoſition to the ſtrongeſt 
efforts of the will. But it will be neceſſary, 
previouſly, to lay down a few poſtulata, as 
2-ground-work upon which is to be built 
our theory of the involuntary motions of 
animals in general, and of that of the 
heart in particular. 


SECT, I. 
Principles and fats neceſſary jo be premiſed. | 


I. CERTAIN power or influence lodged 
in the brain, ſpinal-marrow and 

nerves, is either the immediate cauſe of the 
contraction 
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contraction of the muſcles of animals, or at 
leaſt neceſſary to it. 

THE truth of this is put beyond all reaſon- 
able doubt, by the convulſive motions and 
palſies affecting the muſcles, when the me- 
dulla cerebri, medulla oblongata and ſpinalis, 
are pricked, or any other ways irritated or 
compreſſed; as well as from obſerving that 
animals loſe the power of moving their 
muſcles, as ſoon as the nerve or nerves be- 
longing to them are ſtrongly compreſſed, 
cut through, or otherwiſe. deſtroyed. Of 
this many inſtances might be given: But 
we ſhall' content ourſelves with mentioning 
one, which is too ſtrong and unexception- 
able to admit of any evaſion. When the 
recurrent nerve on one fide of the larynx is 
cut, the voice becomes remarkably weaker ; 
14 when both are cut, it is entirely and irre- 
| | coverably loſt *, i. e. the animal loſes all 
1 power of moving the muſcles which ſerve 
to increaſe or diminiſh the aperture of the 
glottis; for I preſume it will be needleſs 
n to 8⁰ about to ſhew, that the 
1 48 | >, tying 
[4 Edinburgh Medical Eſſays, vol. 2. art. 8. 
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tying of thoſe nerves can only affect the 
Voice, by rendering theſe muſcles para- 
lytic *. | 
| Ip 
ln the Comment. acad. Bonon. vol. 2. part 2. there are 
related by Molinelli, the hiſtories of two patients, who, though 
they had, in the operation for the aneuriſm in the arm, the 
nerve tied along with the artery, yet recovered, after about 
three months, the entire uſe of that member; whence ſome 
have not ſcrupled to conclude, that the nerves are not neceſſary 
to motion or ſenſation; But in this they have rather been 
too haſty ; for Galen informs us, that as often as a nerve 
has been quite cut through, the muſcles to which it belonged 
were deprived both of ſenſe and motion : and many later 
examples might be produced, where the ſame. conſequence 
attended the deſtroying of a nerve. I ſhall only mention 
one, which is conſiſtent with my own knowledge. J. F. 
who had the nerve tied along - with the artery in the ope- 
ration for the aneuriſm eighteen years ago, continues, to 
this day, to have a numbneſs and feebleneſs of the muſcles 
of the thumb and forefinger, which are alſo a good deal 
ſhrivel'd. — But further, it appears, even from the hiſtories 
now mentioned, that the immediate conſequence of a ligature 
made upon the nerves was @ total loſs of motion and ſen- 
ſation in the parts below ; and this happened notwithſtanding 
that the blood continued, by two pretty large arterial 
branches, to be diſtributed to them : which is ſuch a direct 
proof of the neceſſity of the nerves to motion and ſenſe, 
as is not to be overturned by the parts recovering after- 


wards their power of motion, ſince this might happen without 


any inconſiſtency to the former concluſion, and in a way. 
| unknown 


+ De motu muſculorum, lib, x, cap. r. 
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Ir the brain were not in a manner the 
fountain of ſenſation and motion, and more 
peculiarly the ſeat of the mind than the 
other viſcera or members of the body; why 
ſhould a flight inflammation of its mem- 
branes cauſe madneſs, or a ſmall compreſ- 
ſion of it produce a palſy or apoplexy, 
while a like inflammation of the ſtomach or. 
liver, or a compreſſion or obſtruct ion of 
theſe bowels, have no ſuch effects? ? If the 
g nerves 


unknown to us. — Io the biſtory found by Morgagni among 
Valſalva's papers, and related in the ſame volume of the 
Comment, Bonon. we are told, the patient did not recover 
the full uſe of his arm till eight or nine months after the 
operation for the aneuriſm was performed. When Molinelli 
diſſected this arm, thirty years after, he found the nerve not 
wanting in the place where the ligature had been made, as 
were the artery and vein, but of a much greater thickneſs 
than uſual; and not unlike a ganglion. From-.this obſer- 
vation, I think, we have reaſon to believe, that, in Molinclli's 
two patients above mentioned, the nerve was not deſtroyed 
by the ligature, but perhaps acquired a greater thickneſs in 
that part, and ſo es after n en fit to N 
its functions. 41 e 

Upon the whole, Pa kiſtories of i —_— for the 
ancuriſm related in the Bononian tranſactions, though 
they may perhaps confound a fuperticial inquirer, - will 
never incline an accurate and impartial one to reject the 
doctrine of the nerves being neceſſary to motion and ſen- 
Gtion, =p] os AID; by 
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nerves were not immediately concerned in 
muſcular motion, why, upon tying or de- 
ſtroying them, does the member to which 
they are diſtributed, loſe all power of mo- 
tion as well as ſenſation ? Becauſe ani- 
mals have lived with a brain ſo diſeaſed, 
that it is difficult to conceive how it could 
perform its functions, or becauſe monſters 
which have been born without a head, 
lived ſome ſhort time, and had the power 
of motion.; to conclude, I ſay, from hence, 
that the brain and nerves in perfect animals 
are_not immediately neceſſary to. motion 
and ſenſation, is altogether as abſurd, as it 
would be to aſſert, that the heart was not 
deſigned to propel the blood through the 
body, becauſe there are ſeveral animals 
of the loweſt claſs, Which have no ſuch 
organ ®, and monſtrous fœtuſes have ſome- 
times wanted it ęñ; or becauſe we are told 
of a rat every way healthful, which being 
diſſected was found to have no heart . 
No reaſoning drawn from a few mon- 
: B ſtrous 
Harvey de motu ſang. cap. 17. J 
T Memoires acad. ſciences 172i, edit. 8vo, p. 16. 
Van Swieten comment. in Boerhaav. aphoriſm. vol. 1. p. 256. 
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ſtrous caſes, can be ſufficient to overthrow 
2 doctrine founded upon the plaineſt pheno- 
mena obſerved in perfect animals, and con- 
firmed by almoſt numberleſs experiments 
made upon them. The neceſſity therefore 
of the influence of the brain and nerves 
towards producing muſcular motion, is not 
to be diſproved by a few rare inſtances of 
oſſiſied, petrified, or otherwiſe morbid brains 
found in animals, which ſeemed tolerably 
healthy, and had the motion of all their 
muſcles ; ſince it is not more unreaſonable 
to ſuppoſe, that the nerves may derive 
nouriſhment from a porous ſpungy oflified 
brain, than that a tree ſhould ſpring out 
of a ſtone-wall; dry ſtone and lime being 
not leſs different from moiſt earth, than 
ſuch an offified brain from one in its natu- 
ral ſtate; nay the latter ſeems more capable 
of affording moiſture to the nerves, than 
the former to roots of the tree &. When 


| the 

The brain mentioned by Duverney, in Memoires acad. 

des ſciences 1703, edit. 8vo, p. 318. Cc. was not wholly 

petrified; its inferior part from which the nerves take their 

riſe, ſtill retained its medullary form. And the ſame has 

probabl y been the caſe of other petrified or oſſiſied brains, tho' 
perhaps not ſo accurately obſerved. 
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the brain is wanting, Nature may have 
other ways of ſupplying the nerves, and of 
keeping them in ſuch order, as that they 
may be able in ſome ſort to perform their 
functions. And ſince the ſpinal- marrow not 
only depends, for its powers, on the brain 
from which it proceeds, but alſo off a par- 
ticular ſecretion performed by its own 
blood-veſſels, we may reaſonably conclude, 
that the nerves proceeding from the 
brain and ſpinal-marrow are, partly, nou- 
riſhed and kept in a proper ſtate for action, 
by the fluids conveyed to them, by the 
ſmall arteries which are diſtributed on their 
ſurrounding membranes. This opinion is 
ſtrongly ſupported by thoſe inſtances, which 
are to be found in the writings of Phyſi- 
cians, of children born without any brain 
or ſpinal-marrow ; for in thoſe children, 
the nerves muſt have derived all their 
nouriſhment from the blood-veſſels beſtow- 
ed on their coats. 

THE immediate cauſe of muſcular con- 
traction, which, from what has been ſaid, 
appears evidently to be lodged in the brain 
and nerves, I chuſe to diſtinguiſh by the 

| terms 


12 Of the VITAL and 

ternis of the power or influence of the ner ves; 
and if, in compliance with cuſtom, I ſhall 
at any time give it the name of animal or 
vital ſpirits, T deſire it may be underſtood 
to be without any view of aſcertaining its 
particular nature or manner of acting; it 
being fufficienr for my purpoſe, that the 
exiſtence of ſuch a power is granted in ge- 
neral, though its peculiar nature and m_ 
Pen 0 en 


2. We I LE the nervous power is immedi- 
ately neceſſary to muſcular motion, the 
arterial blood ſeems to act only in a ſecon- 
dary or more remote manner.” * 

MvusCLEs are immediately rendered pa- 
ralytic upon tying or deſtroying the nerves 
diſtributed to them“ . But when the arte- 
ries beſtowed upon any muſcles are tied, 
the action of theſe muſcles is only gradually 
weakened, and not totally . aboliſhed till 
after a conſiderable time. The ingenious 
Pr. Langriſh tied up and cut aſunder both 
the carotid and both the crural arteries of 
the ſame dg, wichout deſtroying the mo- 

hep Bi tion 
Auau impet. faciens, No. 288. 
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tion of one muſcle® ; and Dr. Swencke aſſures 
ns, that, after having tied the crural artery 
of a dog, cloſe by the groin, the animal 
continued to move his leg and foot for a 
whole day; the ſame experiment he repeat- 
ed in another animal, and did not find that 
the muſcles of the leg became paralytic till 
this member was almoſt quite dead f. Tis 
true indeed, that, by a ligature made on 
the aorta, immediately above its diviſion 
into the iliacs, the hinder limbs of a dog 
gradually loſt their motion, and became 
quite paralytic after two minutes : from 
which it may be thought, that, in the 
experiments of Langriſh and Swencke, the 
the motion of the muſcles continued longer, 
becauſe they had ſtill ſome, blood tranſmit- 
ted ro them by lateral communicating 
branches, from arteries which were not 
tied. But, on the other hand, it ſeems 
more probable, that a ligature on the ar. 
renders the muſcles of the legs paralytic. by 
depriving * inferior part of the ſpinal- 

marrow, 


* Cronean lectures on muſcular motion, 59 3. | 
+ Hematalog. p. 8. See alſo Brunner. de pancreat. p. 199. 
t Kaan impet. faciens, No. 291. 
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marrow, and the nerves proceeding from it, 
of that blood which contributes to nouriſh 
and keep them in a ſound ftare [T. ]. 
FRoM what has been ſaid, we may fairly 
conclude, that the arterial blood ſent to 
the muſcles is only neceſſary to their mo- 
tion, in ſo far as it fupplies the veſſels and 
fibres of the muſcles with ftuids proper for 
their nouriſhment, gives them a ſuirable 
degree of warmth, and thus preſerves them 
in ſuch a ſtate, as may render them moſt 
fit to be acted upon by the nervous power. 
While therefore the nouriſhment and growth 
of the muſcles are owing to the motion of 
the arterial blood through their veſſels, 
their powers of motion and ſenſation pro- 
ceed from the nerves alone. 
3. Tü mufcles of living animals are 
conſtantly endeavouring to ſhorten or con- 
tract themſelves. Hence ſuch as have 
antagoniſts are always in a ſtate of tenſion ; 
and the ſolitary muſcles, ſuch as the 
ſphincters, and thoſe whoſe antagoniſts are 


weakened or deſtroyed, are always con- 
tracted, 
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tracted, except when this natural contrac: 
tion is overcome by ſome ſuperior power. 


4. THE natural contraction of the 
muſcles [3.] is owing, partly, to all their 
veſſels being diſtended with fluids, which 
ſeparate and ſtretch their ſmalleſt fibres. 

As a proof of this, the muſcles of animals 
that are in full health, and abound with 
proper fluids, retract themſelves much more 
remarkably towards each extremity when 
cut acroſs, than the muſcles of ſuch animals 
as are in a !Janguiſhing ſtate, and exhauſted 
of their fluids; beſides, that ſoon after 
death, the muſcles become flaccid, and, 
when cut tranſverſely, retract themſelves 
but little. | 

Bur, farther, the natural contraction of 
the muſcles is, in a great meaſure, to be 
aſcribed to the influence of the nerves, 
which is perpetually operating upon them, 
though in a very gentle manner: and that 
to this is chiefly owing the conſtant con- 
traction of the ſphincters, and the tenſion 
of ſuch muſcles as are balanced by antago- 
niſts, the palſy affecting the ſphincters as 

ſoon 
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ſoon as their nerves are compreſſed or 
deſtroyed, and the conſtant contraction of 
ſuch muſcles whoſe antagoniſts are deprived 
of the nervous power, evidently demon- 
ih e 

5. Tax natural contraction of the muſcles 
[3, and 4. ] ariſing from the conſtant and 
equable action of the nervous power on 
their fibres, and of tlie diſtending fluids on 
their veſſels, is very gentle, and without 
any ſuch remarkable hardneſs. or ſwelling of 
their bellles, as happens in muſcles which 
are contracted by an effort of the will. 
And although the ſphincters and thoſe 
muſcles, ; whoſe, antagoniſts are patalytic or 
hindered from acting, do. always remain in 
a ſtate of contraction; yet at any time, by 
an effort of the. will, they can be much 
more ſtrongly contracted. Tis ſomewhat, 
ſtrange that Dr. $/uarr ſnould have been ſo 
far miſtaken, as to aſſert, that the mind: 
has no manner of power over ſuch muſcles 
as are deſtitute of antagoniſts; not only; 
that it cannot unbend them, which is als 
lowed. by all, but alſo that it cannot make 
k 5 them 
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them contract more ſtrongly* ; for every 
one muſt be fatisfied, that though the 
ſphin@er ani is naturally in a conſtant ſtate 
of contraction, yet he can at pleaſure make 
it contract more ſtrongly; and though 
the biceps flexor cubiti contracts and ſwells 
upon the arm's being bent by an external 
force, even in ſpite of any effort of the will 
ro the contrary, yet any oue, if he pleaſes, 
can make it {well more, grow much harder, 
and contract itſelf with vaſtly greater 
force. | | | 
From what has been juſt now advanced, 
it follows, that it is not neceſſary, in order 
to the mind's acting upon the muſcles, that 
they ſhould be ſtretched or extended be- 
yond that leagth to which they would 
naturally reduce themſelves, if not prevented 
by the action of their antagoniſts. 


6. As often as the influence of the nerves 
operates more powerfully than uſual on the 
muſcles, they are excited iato ſtronger con- 
tractions which are not natural, and there- 
fore may be called violent. This extra- 

| * ordinary 
Diſſertatio de motu muſculari, p. 22, 23. and 75. 
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ordinary action of the nervous influence, 
may be owing either to the power of the 
will, or to a ſtimulus. | 


7. VOLUNTARY contraction is owing to 


the ſtronger action of the nervous influence 


upon any muſcle, excited by the power of 
the will. 


8. A ſtimulus, or any irritating ſubſtance 
applied to the bare muſcles of living ani- 
mals, immediately produces a contraction 
in them. 

Tuts appears from numberteſs experi- 
ments and obſervations; and is equally 
true with reſpect to the muſcles of voluntary 
and involuntary motion. The muſcles of 
a living frog, when laid bare and pricked 
with a needle, are ſtrongly convulſed. — A 
ſolution of white vitriol no ſooner touches 
the internal ſurface of the ſtomach, than 
this organ is brought into convulſive con- 
trations. — Smoke of tobacco or acrid 
clyſters injected ' by the anus, bring con- 
vulſive motions on the great guts.—Pricking 
the inteſtines or heart of a living animal, 

or 
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or applying any acrid fluid to them, re- 
markably increaſes their contraction“. 
Many other inſtances might be given of 
the effects of ſtimuli on the muſcles of ani- 
mals; but theſe may ſuffice, as we ſhall 
have occaſion to treat of this matter more 
fully afterwards. | 
WHATEVER ſtretches the fibres of any 
muſcle, ſo as to extend them beyond their 
uſual length, excites them into contraction 
almoſt in the ſame manner, as if they had 
been irritated by any ſharp inſtrument, or 
acrid liquor. Thus the motion of the heart 
in pigeons newly dead, is as remarkably 
renewed or increaſed by drawing aſunder 
the ſides of the divided zhorax, and conſe- 
quently ſtretching the great veſſels to which 
the heart is attached, as by pricking its 
fibres with a pin f. In luxations, muſcles, 
#514 7D 
Harvey, ſpeaking of the punctum ſaljens, or heart of 
the chick in the fhell, ſays, “ Vidi fepiſſime ab acus, ſtyli, 
* aut digiti contactu, imo vero a calore aut frigore vehe- 
« mentiore admoto, aut cujuſſiber rei moleſtantis occurſa 
ce punkum hoc, pulſuum varias permutationes, iftuſque 


« yalidiores ac frequentiores edidiſſe. De generatione animal, 
exercitat. 17. 


+ Vid. infra, Sec. xiv, No 16. and 17. 
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by being over- ſtretched, are often convulſed ; 
and the veſica urinaria and inteſtinum rectum, 
are not only excited into convulſive con- 
tractions by the acrimony of the urine and 
feces, but alſo by their bulk and weight 
ſtretching the fibres of theſe hollow mu- 
ſcles *. 
Braus the heart and other muſcles of 
animals, often, continue to move, for ſome 
time, after they are ſeparated from their 
bodies, and conſequently after all communi- 
cation between them and the brain is cut 
off, ſome have thought the contraction of 
irritated mulcles to be owing, not ſo much 
to the nervous influence, as to ſome latent 
property in their fibres, But as I have, 
elſewhere, ſufficiently refuted this opinion , 
I ſhall only obſerve, in this place, that unleſs 
the motions of irritated muſcles depended up- 
on the brain and nerves, it would be difficult 
to conceive why an irritation-of the medulla 
oblongata or nerves, ſhould occaſion more 


violent convulſions of "= muſcles in animals 
— newly 


ta Vid. infra, Sea. v. 
+ Phyſiological Eſſays, edit. 2. appendix, p. 245 — 252. 
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newly killed, than an irritation of thoſe 
muſcles themſclyes. 


9. In proportion as the ſtimulus is more 
or leſs gentle, ſo (cereris paribus) is the 
contraction of the muſcle to which it is 
applied. Ne: 

TnkE truth of this propoſition, like the 
former, is not only proved by experience, 
but may be deduced from reaſon alone ; 
for if the irritation is to be conſidered as 
the cauſe, and the ſubſequent contraction 
of the muſcle as the effect; then, in pro- 
portion as the cauſe is increaſed or dimi- 
niſhed, ſo muſt be its effect. The mo- 
tions occaſioned by ſtretching the fibres of 
any muſcle will be greater or leſs, as the 
muſcle is more or leſs ſtretched; unleſs it 
be ſo far extended, as quite to loſe its tone, 
and become paralytic.— It deſerves how- 
ever to be obſerved, that the effects of 
different imuli depend very much upon the 
peculiar conſtitution of the nerves and fibres 
of the muſcles to which they are applied: 
And hence it is, that what proves a ſtrong 
ſtimulus to the nerves of one part, will more 

weakly 
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weakly affect thoſe of another, and vice verſa. 
Thus warm water or oil, which, when 


drunk in a large quantity, provoke vomit- 
ing, leſſen the increaſed alternate motion 


of the ſmall veſſels of a part which has been 
inflamed by the application of cantharides or 
any other acrid ſubſtance. —Cold water, 
which is very agreeable to the nerves of the 
ſtomach, excites violent coughing as often 
as it gets into the windpipe.——Light, 
which by irritating the retina occaſions the 
contraction of the pupil, does not act, 
ſenſibly, as a ſtimulus on any other part of 
the body.— Although an injection prepared 
with corroſive mercury occaſions conſide- 
rable pain, when it is introduced into the 
urethra, yet neither it, nor the urine excites 
any convulſive contractions of the muſculi 
acceleratores urine, as the ſemen does, altho' 
it is of a ſoft, unctuous nature, and poſſeſſed 
of very little acrimony, And this leads me 
to obſerve, that the motions excited in our 
muſcles, are often not ſo much the conſe- 
quence of pain as of a different kind of 
{ſenſation : thus, when the fides, or the ſoles 
of the feet are tickled, convulſive motions 
are 
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are excited in the muſcles of the trunk of 
the body and legs, which, however, do nor 
happen, when thoſe parts are pricked with 
a pin or inflamed by the application of 
a bliſter or ſinapiſm. Further, the ſame 
organs in different people are ſometimes 
very differentlv affected by the ſame /ti- 
muli; thus honey excites vomiting and 
purging in ſome people; and in others, 
certain effluvia will occaſion an aſthmatic 
fit, or hyſteric faintings with convulſions, 
I ſhall only add, that very hot or cor- 
roſive ſubſtances, often excited leſs motion 
in the muſcles, than milder ſtimuli, becauſe 
they either, at once, deſtroy or greatly 
impair the moving power of the parts to 
which they are applied; and hence ir is, 
that a frog's heart ceaſes, almoſt imme- 
diately ro move, when it is immerſed in 
boiling water or oil of vitriol. | 


10. AN irritated muſcle does not remain 
in a contracted ſtare, although the ſtimu- 
lating cauſe continues to act upon it; but is 
alternately contracted and relaxed. 

| _ Tnvs 
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Thus the ſtimulus of an emetic received 
into the ſtomach, does not occaſion a conti- 
nued contraction of its muſcular coat; and 
an irritation of the lower extremity of the 
gullet, is followed by alternate convulſions 
of the diaphragm. The heart of a frog or 
eel taken our of the body, continues its 
alternate motions while a needle is fixed in 
it. When the heart or other muſcular 
parts of dying animals ceaſe to move, heat 
will renew their contraction, which is regu- 
larly alternate, although the ſtimulus be 
unvaried: After the aoriele of a pigeon's 
heart had ceaſed to move, I made it renew 
its alternate contractions, by filling the 
thorax with warm water“; and after the 
vibrations of a frog's heart had begun to 
languiſh, they recovered their former vi- 
gour and quickneſs, by pom I it to the 
heat of a fire. 

Wren muſcles have been long in action, 
or too highly ſtrained, the member to which 
they belong is obſerved to be affected with a 
tremor, which often laſts for a conſiderable 


time; i. e. theſe muſcles are agitated with 
ſmall 


* Set. xiv. No 15. of this Eſſay. 


other InvotunTaRY MoTions, 25 


ſmall alternate contractions and, relaxations, 
notwithſtanding the ſtimulating cauſe conti- 
nues preſent with them. 

IT might perhaps be imagined a priori, 
that a muſcle ought to remain contracted as 
long as the ſtimulas or cauſe of its contrac- 
tion continues to act upon it: but the fact 
we ſee is otherwiſe; and the reaſon of it 
ſhall be explained afterwards . But it muſt 
be here obſerved, that although there are 

ſcarce any of the muſcles of animals whoſe 
| fibres are not affected with alternate con- 
tractions and relaxations, when they are 
irritated with the point of a pin or other 
ſubſtance capable of ſtimulating them, 
yet, in morbid cafes, our muſcles or muſcu- 
lar organs are frequently affected with a 
continued contraction or fixed ſpaſm ; which 
ſymptom, however, is owing either to an 
irritation of the brain or nerves; or of the 
muſcles themſelves: nay, even in a ſound 
ſtate, there are a few inſtances of muſ. 
cles which are not alternately relaxed, 
but remain uniformly contracted as long 
as the ſtimulating cauſe continues to act 


D with 
* See below Sect. x. near the end: 
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with the ſame degree of force, ſuch as the. 
orbicular muſcle of the vea, the bladder of 
_ urine, and ſome others *. 


IT. IRRITATED muſcles are not only 
agitated with alternate motions while the 
{ſtimulating cauſe continues to act upon 
them, but alſo for fome time after it is re- 
moved; although theſe motions become 
gradually weaker, and are repeated more 
flowly. If the irritation be great, theſe 
alternate motions laſt longer, and follow 
one another more quickly ; if weaker, they 
are repeated after longer intervals, and 
ſooner ceaſe; if extremely gentle, and the 
muſcle not very ſenſible, perhaps only a 
fingle contraction or two will enſue [| g.]. 

SOME of the fibres of the platyſina myoides 
which were diſſected off with a tumor, have 
been obſerved to palpitate like the heart of 
a dying animal for a conſiderable time; 
and the ſame motions have been often ob- 
ſerved in the muſcles of brute animals, 

T9 when 


. See below Sect. x. near the end. 
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when their ſibres were irritated after. their 
ſeparation from the body * 

THE heart of an animal newly killed, is 
excited into motion by blowing upon it, or 
touching it with the point of a pin; and 
this motion often laſts a great while, altho 
the ſtimulus is not renewed. After a 
pigeon's heart had ceaſed to move, its vi- 
brations were not only renewed by drawing 
aſunder the ſides of the divided Horax, 
but they continued for a conſiderable 


time f. 


12. THE motions of muſcles from a /ti- 

mulus are altogether involuntary. _ 
EvERyY one mult be ſenſible of the truth 
of this aſſertion, who has ever felt any of 
thoſe ſmall convulſions or pulſatory con- 
tractions, which frequently happen in dif- 
ferent parts of the body, and which ſeem 
to be owing to ſome irritation of the fibres 
or membranes of the muſcle contracted, 
either from acrid particles in the fluids ir- 
ritating their ſenſible nerves, or from too 
great 


* Vid. Sect. xiv. No 3. 
+ Se. xiv. Ne 10. and 17. 
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great à diſtenſion of their tender veſſels by 
the ſtagnation of the circulating fluids, 
The muſcles called gcceleratores urine, 
though at other times entirely under the 
power of the will, yet, while the ſemen con- 
tinues to be poured into the beginning of 
the urethra, they are agitated with ſtrong 
convulſive contractions, which we can nei- 
ther increaſe nor prevent.— When the ten- 
dinous fibres of the obliquus inferior of the 
eye, or of any other of irs muſcles, are 
gently ſtimulated with the point of a file, 
the alternate contractions which enſue, are 
altogether involuntary, and can neither be 
accelerated, retarded, augmented, nor dimi- 
niſhed by the power of the will. The ſame 
thing is true of the motions of the ſtomach 
and diaphragm, excited by emetics. From 
which it follows, that, 


13. Tux power of ſtimuſi in exciting the 
muſcles of living animals into contraction, 
Is greater than any effort of the will. 

Tn truth of this is ftill further confirm- 
ed, by the following obſervation. A man 
aged 25, who, from a pally of twelve years 

continuance, 
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continuance, had loft all power of motion 
in his left arm, after trying other remedies 
in vain, at laſt had recourſe to electricity; 
by every ſhock of which the muſcles of this 
arm were made to contract; and the mem- 
ber itſelf, which was very much withered, 
after having been electriſied for ſome weeks, 
became ſenſibly plumper. — If then, the 
voluntary muſcles can, even in a palſied 
ſtare, be excited into contraction by the 
action of a ſtimulus on their fibres, it fol- 
lows, that when this is applied to them in 
a ſound and more ſenſible ſtate, any effort 
of the will to prevent their contraction, 
muſt be vain and impotent.,— Hence the 
muſcles of voluntary as well as of involun- 
tary motion ceaſe to be under the power of 
the will, while their nerves or ſenſible fibres 
are irritated by ſtimuli, 

IT may be obſerved here, that although 
we cannor, by an effort of the will, prevent 
the motion of any muſcle whoſe fibres or 
nerves themſelves are irritated, yet we can, 
in many caſes, reſtrain the action of certain 
muſcles, whoſe motions are excited by an 
irritation of a diſtant part, with which they 

have 
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have a particular ſympathy; thus, we can 
prevent the motions of the muſcles employ- 
ed in coughing and in voiding the urine 
and feces, when the trachea, bladder and 
rectum, are only ſlightly ſtimulated ; unleſs 
theſe parts have been rendered much more 
ſenſible than uſual, by being inflamed, or 
deprived of their mucus. 


14. THERE are three kinds of contraction 
obſervable in the muſcles of animals, all of 
them different from each other, viz, natural 
A. and 5. ], voluntary [y. ], and involunta- 
ry, from ſtimuli [S. 9. 10. II. 12. 13.]. 
The firſt is very gentle, equable and conti- 
nued, and is owing to the cauſes mentioned 
No 4. The ſecond proceeds immediately 
from the power of the will, is always 
ſtronger than the former, and may be con- 
tinued for a longer or ſhorter time, or per- 
ſormed with more or leſs force, as one 
pleaſes, The third is ſtrong, but ſuddenly 
followed by a relaxation, ſeems to be A 
neceſſary conſequence of the action of the 


Plimulys upon the muſcle, and cannot be 


affected. 
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affected, either as to its force or continuance, 
by the power of the will. 

Thar continued contraction or fixed 
ſpaſm, with which our muſcles are ſome- 
times affected [to.] being almoſt always a 
morbid ſymptom, and not the natural or uſual 
effect of an irritation of their fibres, its 
particular conſideration is of leſs uſe in 
treating of the vital and other involuntary 
motions of animals in a ſound ſtate.” 


15. THE natural contraction above ex- 
plained [14.] is what we obſerve: in the 
ſphincters, and in muſcles whoſe antagoniſts 
are paralytic or deſtroyed. 


16. WHiLE the ſphincters of the an 
and bladder, and thoſe muſcles whoſe anta- 
goniſts are deſtroyed, remain always in a 
ſtate of contraction, and while ſuch muſcles 
as have antagoniſts, are kept in æquilibro, 
or without any motion, except when the 
will interpoſes; the heart, which has no 
proper antagoniſt, is alternately contracted 
and dilated, without our being able, by any 


effort of the will, directly to hinder or pro- 
mote its motions. 


17. TRE 
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17. TRE contraction of the heart is, 
therefore, not only involuntary, bur of a 
different kind from that of the ſphincters 
and muſcles deprived of antagoniſts ; and 
ſeems, as to its phenomena, to agree with 
the contraction of muſcles from a ſlimu- 


bus, [14]: 


18. Tux mind may, by diſuſe, not only 
loſe its power of moving even the voluntary 
muſcles, except in a particular way, but 
alſo of exciting them into contraction at all. 
Of the former we have an example in the 
uniform motions of rhe eyes; and of the 
latter in the muſcles of the external ear, 
and of ſuch members as have remained 
long without motion. | 


SECT. 
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en 


Au examination ef the opinions f ſome of the 

moſt conſiderable authors concerning the 

motion of the heart. 

T ſeems to have been the prevailing opi- 

nion among many of the ancient Phyſi- 
cians, that the motion of the heart was 
owing to a vital principle particularly re- 
ſiding in it. Gaen thought motion as 
natural to the heart, as reſt to the other 
muſcles.— Des Carter, much leſs verſed in 
Phyſiology than in Mathematics, attributed 
the motions of this organ, wholly, to the 
ebullition of the blood dropping into its 
ventricles; and contended, that this fluid 
was not puſhed into the arteries by the 
muſcular contraction of the hearr, but that 
it forced its way into them by its on ex- 
ploſive power. After Harvey's doctrine 
of the circulation was fully eſtabliſhed, che 
heart was allowed to be a muſcle, and its 


Mole to be analogous to the contraction of 
E other 
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other muſcles ; the vital ſpirits of the nerves 
were ſuppoſed to flow alternately into its 
fibres, either on account of valves, which 


by turns admitted and denied them a paſ- 


ſage; or becauſe it was thought that the 
ſpirits could only be diſcharged by drops, and 
not in an equable ſtream, from the extre- 
mities of ſuch ſubtile tubes as the nerves 
were conceived to be *. | 

Various other hypotheſes were framed to 
explain the alternate motion of the heart ; 
a problem not leſs difficult than curious! 
Theſe I ſhall paſs over in ſilence, leaving 
them to fall by their own abſurdity, or the 
arguments of others; and content myſelf 
with mentioning the defects of ſome of the 
latter ſyſtems, which, from their plauſibili- 


ty, or the high character of their authors, 


are intitled to the greateſt regard. 

Tn k theory of the heart's motion, which 
has of late years met with the moſt favour- 
able reception, is that of the celebrated 


| Boerhaave, who deduces the alternate /y/tolc 


and diaſtole of that muſcle, chiefly from the 
_ peculiar 


* Borell. de mot. animal. lib. 11. cap. 6. prop. 79. 
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peculiar circumſtances of the cardiac nerves; 
for as the greateſt part of theſe nerves 
paſſes between the auricles and large arteries 
of the heart, he concluded that they muſt 
be compreſſed at the end of every ſy/tole, 
when theſe cavities and veſſels are greatly 
diſtended with blood ; whence the motion 


of the ſpirits being intercepted, the heart 


muſt be rendered paralytic; but that when- 
ever, upon the ſubſequent contraction of 
the auricles and arteries, this compreſſion 
ceaſes, and the nerves tranſmit their fluid as 
formerly, the heart muſt contract anew *. 
THr1s Hpotheſis, however ingenious, will 
appear altogether inſufficient, if we imparti- 
ally attend to the following conſiderations, 


1. ALL the cardiac nerves don't paſs 
between the auricles and arteries. Not to 
mention many ſmaller ones, there are two 
very conſiderable branches diſtributed to 
the muſcular ſubſtance of the heart, which 
neither paſs between the two auricles, nor 


the two arteries, and therefore cannot be 


liable 
* Inſtitut. med. No 409» 
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liable to any alternate vm y on row 
them. 


2. I believe it will be difficult to perſuade 
unbiaſſed inquirers, that the nerves (ſappo- 
ſing they all had their courſe between the 
auricles and arteries) could ſuffer any ſuch 
compreſſion as is here required; conſidering 
the ſoftneſs of the parts, and the fat upon 
the external coat of the arteries and auricles, 
which may well be imagined to defend 
them in a great meaſure from it : beſides 
It is ſtrange that we do not obſerve other 
muſcles of the body become alternately or 
conſtantly paralytic, whoſe nerves run con- 
tiguous to any conſiderable artery, or are 
compreſſed by any preternatural tumor. 
Out fit, obſecro, ſays the accurate Morgagni, 
ut nervi intercoſtalis munera ab aſſidua arteriæ 
carotidis pulſatione non turbentur, | prefſertin 
cum is nervus non poſſit cedere, ſed communis 
ipſt, et arterie oſſei foraminis parietibus allida- 
tur? Oui fieri poſſet, ut in Veneta muliere, 
quam cum amicis diſſecuimus, cum arterie 
ſubclavie ſiniſtræ ſuperiores poſticique parietes 
in aneuriſma ex panſi, duos treſve ner vos ex tis 


qui 
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qui ab inferioribus cervicis vertebris ad bra- 
chium deſcendunt, nulla prorſus tnterpofita re 
contingerent ; qui fieri, inguam, poſſet, 
nulla tamen debilitas, nullus tor por in eo brachio 
fuerit animadverſus. ? 

Wu v are not all the viſcera in the abdo- 
men, to which the intercoſtal nerves are 
diſtributed, agitated with alternate contrac- 
tions anſwering to thoſe of the diaphragm, 
ſince theſe nerves, by paſſing through the 
fleſhy part of this muſcie, muſt be liable 
to compreſſion every time inſpiration is per- 
formed? And why do not many of the 
voluntary muſcles, when ftrongly contracted, 
occaſion palſies or ſtupors of the parts below 
them, by preſſing upon the nerves to which 
they are contiguous ? 


3. IT is to be remarked, that a light 
compreſſion of a nerve is not ſufficient to 
render the muſcle to which it belongs pa- 
ralytic : thus the ulnar nerve mult be pretty 
ſtrongly compreſſed againſt a hard bone, 
before the ring and little fingers are deprived 
of their power of motion ; nor does this 


happen 


* Morgagni adverſar. anat. vi. animad. 24. 
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happen without being attended with a diſ- 
agreeable ſenſation in theſe parts. 


4. As the compreſſion of the ulnar nerve 
does not immediately bring a palſy on the 
muſcles of the fingers now mentioned, but 
after it has been continued for ſome conſi- 
derable time; ſo when this preſſure is re- 
moved, the motion of theſe muſcles does 
not return immediately and all at once, but 
by degrees, and not till after ſome time: 
wherefore, allowing the cardiac nerves 
were alternately compreſſed by the auricles 
and arteries, yet the heart ought not to be 
rendered inſtantly paralytic by ſuch com- 
preſſion, nor ſhould it recover its motion 
as ſoon as this compreſſion is removed. 
But further, 


5. GRANTING the cardiac nerves ſuffer. 
ed as great compreſſion in their paſſage, 
between the auricles and arteries, to the 
heart, as the advocates for this opinion 
could deſire; what will follow? an effect 
ſurely altogether different from that which 
is here contended for; ſince the immediate 


conſequence of ſuch compreſſion muſt be 
the 
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the ſqueezing forward towards the heart, 
the ſpirits ſuppoſed ro be contained in that 
portion of the nerves which is below where 
the compreſſion is made ; for if the nerves 
are ſuppoſed to be hollow tubes which con- 
vey a fluid to the heart in order to its con- 
traction, the firſt and moſt immediate effect 
of their being compreſſed by the dilatation 
of the auricles and arteries, muſt be a 
quicker propulſion and more copious deriva- 
tion of the ſpirits into its fibres; i. e. the 
heart ought ro be moſt ſtrongly contracted, 
at the time its diaſtole is obſerved to begin. 
And in fact we find, that a ligature made 
on the par vagum is ſo far from rendering 
the heart immediatcly paralytic, and pre- 
venting its contraction, that it cauſes ſtrong 
convulſive motions or palpitations of this 
muſcle; although theſe, indeed, are rather 
to be aſcribed to the irritation which thoſe 
nerves ſuffer than to any propulſion of the 
ſpirits, ſuppoſed to be contained in them, 
towards the heart “. 


6. THIS 
* See below Sect. XIV. No 26. * 
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6. THI1s ſuppoſed alternate compreTiorl 
of the cardiac nerves by no means accounts 
for the motion of the auricles, whoſe /y/tole 
happens when their nerves ought to be 
compreſſed, and conſequently when the deri- 
vation of the ſpirits into them ſhould be 
intercepted, If it be ſaid, that the auricles 
are ready to contract when the ole of 
the ventricles begins, but chat, being weaker 
muſcles, they muſt wait till this is over“? 
I anſwer, that, if this were true, the auricles 
ſhould become pale and tenſe while the 
ventricles are contracted, ſince, when the 
influence of the nerves acts more ſtrongly 
on any muſcle, it becomes equally hard, 
whether it be allowed to contract, and its 
extremities to approach each other, or not. 
But further, as an influx of ſpirits into the 
fibres of any muſcle, muſt be immediately 
followed by an endeavour in them to con- 
tract, ſo if this be prevented, as ſoon as the 
ſpirits are again intercepted, their influence 
to produce any contraction will ceaſe. 
This is evidently the caſe with ſuch muſcles 
as are under the power of the will, where 

any 
* Bellin. de motu cord. prop. 2. Keil anatomy cap. 3. ſect. iv. 
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any ſudden but not continued effort, if it is 
not allowed that inſtant to take effect, im- 
mediately vaniſhes ; nor is it to be doubred, 
that the ſame thing muſt happen to the 
auricles of the heart. But, be this as it 
will, it is evident, that the alternate motions 
of the auricles cannot be owing to any com- 
preſſion of their nerves ; ſince it is acknow- 
ledged, by the beſt Anatomiſts, that the 
courſe of theſe nerves is ſuch, as cannot ſub- 
jet them to any alternate preſſure ; which 
is alſo true of all the cardiac nerves in thoſe 
animals whoſe hearts have only one ven- 


tricle. 


7. In dying animals, the right ventricle 
continues to contract after rhe left one has 
ceaſed, and the right auride performs its 
motions for ſome time after its ventricle *. 
Bur theſe alternate motions of the right 
ventricle and auricle cannot, poſſibly a- 
riſe from any compreſſion of their nerves ; 
ſince, in the firſt caſe, neither the aorta nor 
left auricle are dilated with blood at the 
end of the fy/tole of the right ventricle ; and 

e WEnn 

* Harvey de mot. cord. et ſang. cap. 4. 
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in the latter, the pulmonary artery alſo re- 
mains empty. In frogs and fiſhes, whoſe 
heart has but one ventricle and one artery 
going out from it, the alternate motions 
of this organ are as regular as in men and 
quadrupeds: and it is well known, that the 
hearts of many animals, after being ſepa- 
rated from their bodies, continue for ſome 
time to be alternately contracted and relax- 
ed with great regularity, when there can be 
no alternate compreſſion to intercept the 
nervous influence at the end of every Hole. 


8. LasTLy, It may well be looked upon 
as a defect of this theory of the heart's 
motion, that it does not any ways aſſiſt us 
in explaining the ſpontaneous action of 
other organs in the body, whoſe nerves can- 
not, with any colour of reaſon, be ſuppoſed 
liable to an alternate compreſſion. 

So ME have imagined, that, as the inter- 
coſtal nerves paſs through the ſame holes 
of the cranium with the carotid arteries, 
they muſt, therefore, ſuffer ſuch compreſſion 
from the diaſtole of theſe arteries, as ſhall 
render the heart paralytic at the end of 


every 


f 
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every ſyſtole. In anſwer to which, it may 


be ſufficient. ro aſk, why the other muſcles 


and viſcera which receive nerves from the 
intercoſtals, do not exactly correſpond with 
the heart in their motions; or why the 
auricles and ventricles of the heart are not 

contracted and relaxed at the ſame time? 
TE learned De Gorter, fully aware that 
the ſuppoſed alternate compreſſion of rhe 
cardiac nerves. afforded no ſatisfactory ac- 
count of the motions of the heart, ſuppoſes 
that vital or involuntary motion is owing 
to one and the ſame cauſe, both in the 
heart and other organs of the body: this 
cauſe he imagines to be ſuch a ſtructure of 
the involuntary muſcles, that, when their 
ſibres are dilated by the ſpirits, the ſmall 
nerves which paſs between them are com- 
preſſed; ſo that no ſooner are the fibres 
inflated, than the ſpirits are intercepted, and 
conſequently the muſcle begins to be re- 
laxed ; but this relaxation of the muſcular 
fibres, freeing the nerves from compreſlion, 
the ſpirits are tranſmitted as formerly, and 
the muſcle is contracted anew. And in this 
manner he fancies that, as long as life 
remains, 


® — — — — 
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remains, the muſcles of involuntary motion 
muſt be alternately contracted and relaxed *, 
Bur, 


I. Nor to mention, that this ſtructure 
of the vital organs is entirely hypothetical, 
and unſupported by any experiment, or mi- 
croſcopical obſervation ; it may be aſked, 
why all rhe vital organs are not contracted, 
and relaxed at the ſame inſtant; or at leaſt 
why the motions of fome are renewed after 
ſhorter, and of others after longer intervals? 


2. Ir ſuch were the ſtructure of the muſ- 
cles of ſpontaneous motion, that their con- 
traction muſt be immediately followed by 
their relaxation, how comes it, that, by 
an effort of the will, we can keep the dia- 
phragm in its ſtrongeſt ſtate of contraction, 
as long as we pleaſe? and why does not the 
relaxation of this muſcle neceſſarily follow 
its contraction, if its alternate motions de- 
pend on a general ſtructure, common to it 
with the heart and inteſtines; 


3- IN 


P Gerter de motu vitali, ſect. 39. 
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3. In caſes where the lungs are obſtructed 
and reſpiration is rendered difficult, we find, 
that, even in time of ſleep, other muſcles 
beſides the common inſpiratory ones are 
brought into alternate contractions, in order 
to raiſe the ribs, and enlarge the cavity of 
the thorax ; whence it appears, that muſcles 
of the voluntary kind may, on certain oc- 
caſions, be employed in the performance of 
the vital motions, altho* there be nothing 
in the ſtructure of theſe muſcles peculi- 
arly fitting them for ſuch alternate mo- 
tions. 


4. FuRTHER, the pupil (whoſe motions 
are as involuntary, and as little perceived 
by us as thoſe of the heart) is not immedi- 
ately retaxed, after having been contracted 
by the admiſſion of light into the eye, but 
it remains in the ſame degree of contrac- 
tion, as long as the ſame quantity of light 
is tranſmitted to the retina; which could 
not happen, if any ſuch ſtructure really ob- 
tained in the muſcles of the wvea, as De 
Gorter ſuppoſes in the muſcles of involun- 
tary motion. We reject therefore his theo- 


Tys 
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ry, not only as a mere hypotheſis without 
any foundation, but as wholly inſufficient 
to explain the various phenomena of w_— 
neous motion. 

SOME. ingenious. Phyſiologiſts have ima- 
gined the contraction of the heart to be 
owing to the elaſtic power of its fibres, 
which, after they have been ſtretched by 
the returning venous blood dilating the au- 
ricles and ventricles, reſile, like a bent bow, 


with a conſiderable force. But the force 


with which a ſpring recoils, is ever propor- 
tional to the power which bent it; wheres 
fore, ſince the ſides of the heart contract 
with a much greater power than that with 
which they were forced aſunder, the /5/to/s 
of this muſcle:cannot ariſe merely from the 
claſticity of its fibres,, but muſt; be owing 
to ſome additional impetus, at that time, 


communicated to them. 


Ius much being premiſed, in der to 
ſhew. the weakneſs and inſufficiency of ſome 
of the - moſt plauſible theories, that have 
hitherto appeared concerning the heart's 
motion; we ſhall endeavour, in the follow - 


ing Section, to give ſuch an account of its 


Fyſtole, 


av 


av 
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ſyſtole, as it is hoped will appear no leſs ſup- 


ported by reaſon and analogy, than founded 
in experiment and obſervation, as well as 
ſtrongly confirmed from its fully anſwering 
all the phenomena, 


S EE N 
Of the ſyſtole of the heart, 


BEE ORE we inquire into the cauſes of 
the alternate motions of the heart, it 
will be proper briefly ro mention and de- 
ſcribe three different ſtates of that muſcle, 
viz. its contraction, relaxation, and dilata- 
tion; of which the firſt and laſt may be 
ſaid to be violent, and the ſecond only na- 
tural to the heart. During its ole, the 
heart is contracted in all its dimenſions *, 
and 


* Tt has been warmly dilputed, whether the heart be- 
comes ſhorter or longer in the time of its Hole. But, after 
carefully inſpecting the hearts of frogs and ſeveral other ani- 
mals, both in the body, and when ſeparated from it, I cannot 
help (notwithſtanding the authority of Win/low on the other 
fide) agreeing with Dr. Hunauld and others, who affirm, that 

| | the 
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and its ſubſtance becomes remarkably hard: 
This ſtate, which ſcarcely laſts one third 
of the time interveening between each con- 
traction, is followed by a general relaxa- 
tion of the heart, by which this muſcle be- 
comes ſoft and flabby, and is rendered ſome- 
what longer. Bartholine calls this the pe- 
riſyſtole of the heart *. It continues a much 
ſhorter time than the /y/tole, the ventricles 
being inſtantly, after their relaxation, filled 
with the returning venous blood, and 
diſtended much beyond their natural capa- 
city, or that which they are obſerved to 
have in animals newly dead ; when the fibres 
of the heart are neither contracted nor di- 
lated by any adventitious force, but lefr 
entirely to themſelves. The diaſtole of the 
heart being thus fully completed, its ſ) — 
immediately enſues. 

SUPPOSING the heart now in its full 
diaftole ; let us inquire what change has hap- 
pened. to it ſince the end of the preceeding 

Hſtab, 


the heart is diminiſhed in length, as well as in breadth, when 
it begins to contract. Vid. biſtoire acad. des ſciences 1731 
edit, 8yo. p. 33. Cc. 


Anatom. p. 37. 377, 378. 
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ſyſtole, which may be ſuppoſed capable of 
bringing it into a new contraction. — We 
have already ſhewn, that the nerves of the 
heart are not, at this time, freed from any 
compreſſion which a little before could have 
rendered ir paralytic. And if one ſhould 
ſuppoſe ſome general ſtructure in the brain, 
which determines the vital fpirits through 
its nerves alternately, and as it were in ſuc- 
ceeding waves, yet this would nor account 
for the motions of the heart; ſince the 
alternate contractions of this muſcle con- 
tinue for ſome time after all communication 
between it and the brain has been cur off. 
Further, as the contractions of ſome of the 
organs of vital motion are performed after 
ſhorter, of others after longer intervals, we 
muſt neceſſarily ſuppoſe, at the origin of 
the nerves belonging to each organ, a diffe- 
rent cauſe alternately determining the ſpirits 
into it, But of ſuch hyporbeſes, without 
either proof or probability, there can be no 
end. | 
DurinG the diaſtole of the heart, all 
its coronary veſſels, which were in a great 
meaſure emptied by the preceeding /y/lole, 
oi Are 
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are filled with blood violently puſhed into 
them by the contraction of the aorta : but 
as the arterial blood is not immediately ne- 
ceffary to the contraction of a muſcle “, and 
ſeems only to contribute to it in a ſecon- 
dary way, this alone will be thought far 
from being ſufficient to account for the ſuc- 
ceeding fyſtole of the heart. Tis true in- 
deed that warm water, injected into the 
arteries of an animal newly dead, excites 
ſome kind of motion in the muſcles, to 
which theſe arteries are diſtributed. But 
this contraction is ſo weak and ſo unlike that 
of the heart, that I perſuade myſelf, hardly 
any one, will, from this experiment alone, 
imagine the /ſy/tole of the heart, to be ow- 
ing to the arterial blood puſhed forcibly 
through all ics veſſels, in the time of its 
digſtole; eſpecially ſince we do not obſerve 
the leaſt degree of an alternate motion in 
the ſphincters of the anus and bladder, from 
the blood being more ſtrongly impelled 
through their veſſel, upon every contraction 
of the heart, than during its djaffole. This 
matter however is put entirely beyond diſ- 
PRs by the heart's continuing to repear its 
contractions, 


* Sect. I. No 2. of this Eſſay. 


— 
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contractions, not only after the coronary 
arteries, and pulmonary veins, are tied. but 
after it is ſeparated from the body.— The 
blood then with which the coronary veſſels 
of the heart are filled during its diaſtole, 
being as inſufficient as is the ſuppoſed com- 
preſſion of the cardiac nerves, to account 
for its ſueceeding ole; it remains, that 
we next inquire, What influence the return- 
ing venous blood, with which the ventricles 
of the heart are diſtended during its diaſtole, 
may have in producing i its ſubſequent Mole. 
And is it not reaſonable to ſuppoſe, that 
this fluid returning by the cave and pulmo- 
nary veins, and ruſhing i into the cavities of 
the heart, with a, confiderable force, muſt 
by diſtracting its fibres, as well as by i its 
motion and attrition upon the ſcabrous ſur- 
face and fleſhy pillars of the ventricles, ſo 
ſtimulate and affect the ſenſible nerves of 
the heart, as to bring it immediately i into 
contraction *? _ 16: by 
Txoucn ſome authors have long Gude 
aſcribed the alternate motion of the heart, 
to the irritation of the blood received by 
turns 


od Sea, 1. No 8. 9. c. 
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turns into its cavities“; yet as this cauſe 
has been much 0856080 by many late 
writers, and not rightly underſtood by ſome 
others, we ſhall endeavour to confirm, and 
illuſtrate the manner of its nne by a 
variety of arguments. | 
WHILE ſome authors have aſcribed the 
contraction of the heart ſolely to the blood, 
confidered as a ſtimulating fluid, which ir- 
ritates the internal furface of its ventricles; 
others have been unwilling to allow, that 
the blood acts in any other ſenſe as a ſlimu- 
lus, upon t the heart, than as by its weight 
and impulſive force it ſtretches and extends 
the fibres compoſing its ventricles f. But 
the increaſed motion of the blood, from the 
contagion of the ſmall pox, meaſles, Oc. 
and after eating or drinking any thing acrid, 
as 


* Certumque eſt, veſiculam dictam, ut et cordis auri- 
culam poſtea, (unde pulfatio. primum incipit) a diftendente 
ſanguine, ad conſtrictionis motum irritari- Harvey de general. 
animal. exercit. 51. 

Fibre cordis virtute micationis vitalis Gnovigie i in ejus ven- 
triculis contenti, per vices IX RITA TAE, excitantur ad ſe contra - 
hendas et pulfationem faciunt, mox 1KRITATIONE remiſſa re- 
laxantur. Cliſſon de ventricul. et inteſtin. cap. 7. p. 170. 


I Senac. traite du COEUR, lib, 2, cap. 4. leet 4 
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as well as the power which acrid or ſtimu- 
lating ſubſtances have in renewing the heart's 
motion after it is ſeparated from the body, 
are circumſtances which ſhew, that the con- 
traction of the heart is not ſolely owing to 
its fibres being diſtracted by the moment of 
the blood, but partly to the irritation com- 
municated to its internal | ſurface by the 
particles of that fluid. And the remarkable 
diminution of the periſtaltic motion of the 
bowels, when the cyſtic byle is hindered 
from flowing into them, makes it evident that 
the ſtretching of the fibres of the inteſtines, 
by the air and aliment contained in them, is 
not the ſole cauſe of their ſucceeding contrac- 
tion. On the other hand, the increaſe of the 
heart's motion from exerciſe, or from any 
other cauſe, whence the blood is returned 
in greater quantity, and with more force; its 
diminution by blood-lerting, rhe phenpmena 
of the motion of the ſtomach, and of the 
expulſion of the urine and feces * ; all theſe 
particulars, I ſay, prove, that even the 
diſtenſion of hollow muſcles has, a remark- 

n able 

* See ſet, 5. below. 
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able influence towards exciting them into 
action . | | 

FARTHER, that the blood is extremely 
well fitted, to act upon the heart as a ſimu- 
lus, in both theſe, ways, will appear, if we 
conſider its compoſition, hear, inteſtine mo- 
tion, what ſome authors have ſuppoſed it; 
to receive from the air, and the force with 
which it ruſhes into the cavities of the heart. 


I. As to its compoſition. The blood con- 
fiſts of the ſame ptinciples with our aliments, 
and conſequently abounds with ſalts and 
oils. The ſalts of the blood are partly of 
the fixed neutral kind, and partly rendered 
as it wete ſemivolatile by the heat and mo- 
tion to which they are ſubjected; both are 
extremely apt to irritate very, ſenſible ner- 
vous parts; for we know that any kind of 
falt applied to the eye gives remarkable un- 
caſineſs.— The oils in the blood are either 
thoſe of animal ſubſtances, the expreſſed 
oil of vegetables, heir attenuated oil by fer- 
mentation, commanly called a/chol, or laſtly 


the acrid oil of aromaticks. The two firſt 
are 


* Sec ſe, 1. No 8. above. 
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are no ways acrid or fit to act as a ſtimulus, 
unleſs they have been highly attenuated by 
long expoſure to heat, or by attrition; the 
' two latter, viz. ardent ſpirits and the oil of 
aromatics are very apt to irritate the tender 
fibres of living animals. Hence it is that 
ſpirituous liquors largely drunk and hot 
ſpices too freely uſed, quickly raiſe the pulſe, 
and make the heart as it were redouble its 
contractions. Hence eating animal food 
or drinking ſtrong liquors, which abound 
with faline and acrid particles, remarkably 
quickens the circulation, and increaſes the 
heat of the body, while a dinner of milk, 

mild herbs, or cooling fruits, makes little 
alteration in the pulſe. The blood there- 
fore as it is impregnated with ſalts and at- 
tenuated acrid oils, muſt be very well fitted 
to communicate a gentle ſtimulus to thoſe 
ſenſible nerves which terminate on the intet- 
nal ſurface of the auricles and ventricles 
of the heart. 


Ir it be objected, that 050 blood diſcovers 
no acrimony to the tongue, nor ſenſibly ir- 
ritates the eye; it may be ſufficient to an- 
ſwer, that, though this fluid be remarkably 

ſalt 
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ſalt to the taſte, yet I do not aſcribe the 
whole ſtimulating power of the blood to its 
acrid particles alone, but to theſe in con- 
junction with ſeveral other qualities and cir- 
cumſtances juſt now to be conſidered. But 
further, although the blood did not diſco- 
ver the leaſt degree of acrimony when ap- 
plied to the nerves of the tongue (which 
however is not the caſe), yet it might be 
well fitted to act as a ſtimulus upon other 
nerves of the body, differing from theſe in 
their conſtitution and peculiar ſenſibility.— 
Many poiſons, eſpecially of the antimonial 
kind, are void of almoſt any degree of acri- 
mony, as far as we can judge by the taſte; 
yet they ſo ſtrongly and diſagreeably affect 
the nerves of the ſtomach, as to bring this 
organ, together with the - neighbouring 
parts, into violent convulſions, and produce 
a train of the moſt direful ſymptoms ; by 
which all che functions of the animal frame 
are greatly diſordered, interrupted or finally 
ſtopt. The roots of the cicura aquatica are 
ſweetiſh, but neither acrid nor diſagreeable; 
and cataplaſms of them applied to inflam- 
med or ulcerated - parts, occaſion no bad 


ſymp- 
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ſymproms * ; yer, when taken into the 
ſtomach, they ſoon throw the whole body 
into the moſt terrible convulſions, which | , 
generally end in death. The berries of 
the rhus myrtifolia mouſpeliaca, though there 
be nothing in their taſte or ſmell to render 
them ſuſpected, yet act fo powerfully upon 
the nerves of the ſtomach, when fwaltowed, 
that, in half an hour after, they bring on 
an epilepſy, whoſe repeated attacks kill the 
patient in leſs than 24 hours f. — Viper's 
poiſon affects neither the nerves of the 
tongue nor ſtomach with any difagreeable 
ſenſation; yet the ſmalleſt drop of it re- 
ceived by a wourd into the blood, ſeems not 
only to act as a ferment upon this fluid, 
but, by its ſtimulating quality, to affect 
moſt violently the whale nervous and vaſ- 
cular ſyſtems. The putrid - excrement 
which gives no diſturbanee to the colon or 
rectum, till by its quantity it overſtretches 
their fibres, would create ſickneſs and vo- 
miting in the ſtomach. — Urine which ſcarce 
ſtimulates the bladder till it begins to diſ- 
I B83: 44/1 x erte 


* Wepferi hiſtoria cicut aquat p. $4. 
T Memoires acad. ſciences 17 39. edit. $vo, p. 627. 
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rend it too much, proves a good purgative 
clyſter, when it is injected into the great 
guts. Warm blood received into the ſto- 
mach by a rupture of any of its veſſels, 
proves very ungrateful to its nerves, but 


does not affect the nerves of the heart or 


arterial ſyſtem with any diſagreeable ſenſa- 
tion. Every one knows what remarkable 
changes happen in the body about the time 


of puberty : theſe changes are generally, 


and not without reaſon, aſcribed to the ſemen 
which now begins to be duly prepared: they 
do not, however, ſeem to be owing ſo much 
to the reception of the finer parts of this 
fluid into the blood, as to its peculiar action 
upon the nerves of the zeſtes and veſiculæ 


emingles ; yet the /emen, when applied to 
y PP 


the nerves of other parts of the body, nei- 
ther ſenſibly titillates them, nor produces 


any remarkable effects. 


Thus it appears from a variety of ex- 
amples, that the nerves of different organs 
in the ſame animals are ſo conſtituted, as to 


be very differently affected even by the ſame 


things: So that we cannot abſolutely take 
upon ourſelves to judge, by our taſte or 
1 | ſmell, 


b -. x w- 


- 
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ſmell, how far any liquor may or may not be 
adapted to act as a ſtimulus upon the nerves 
of a particular organ ; and, conſequently, 
that although the blood ſcarce irritates ſen- 
ſibly the eyes or tongue, it may neverthe- 
leſs ſo ſtimulate the nervous papille of the 
heart, as to excite this muſcle into contrac- 


tion: which will further appear, if we cone 
fider the heat of this fluid, 


2. HEAT ſeems to be no more than a 
violent vibration or motion in the ſmaller 
parts of bodies; therefore the blood, as it is 
a warm fluid, muſt have its particles agi- 
tated by perpetual vibrations, which muſt 
be communicated to the nervous papille on 
the internal ſurface of the heart: beſides, 
as the blood abounds with oily and ſulphu- 
reous particles, it muſt, by its motion and 
attrition againſt rhe veſſels, acquire vibra- 
tions ſtill more remarkable. 

BEcausE in fiſhes and frogs, whoſe 
hearts retain their moving power very long, 
the blood is but a very little warmer that 
the water in which they ſwim, it has been 
faid, that the ſtimulating quality of the 

blood 
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blood cannot be any ways owing to its 
heat; but a little reflexion will ſhew how 
ill founded this aſſertion is. - 

IT will not be denied that a certain de- 
gree of heat is neceſſary to the continuance 
of 'the motion of the heart in thoſe animals 
whoſe blood is warm; and the ſame thing 
is not leſs true of frogs and fiſhes, whoſe 
blood is not really cold, although it may be 
faid to be ſo, when compared with that fluid 
in men and many other ammals. As a 
proof of this, not only bats, hedgehogs and 
moſt of the inſect tribe remain, in northern 
countries, in a torpid ſtate during the cold 
ſeaſon of winter, but the ſame thing hap- 
pens to frogs and other animals, whoſe 
blood is but very little warmer than the air 
or water which ſurrounds them. The mo- 
tion of the heart, however, even in theſe 
animals, may be at any time, renewed, and 
the circulation of the blood and life may be 


reſtored, by expoſing them to an equal or 
greater heat, than that which prevails in 
the ſummer ſeaſon; from which it follows, 
that a certain degree of heat is neceſſary, 
even in the coldeſt animals, to the conti- 

| nuance 
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nuance of the motion of the heart: and 
as a further proof of this, when the hearts 
of frogs and fiſhes, afrer being ſeparated 
from their bodies, begin to move more 
languidly, they acquire new vigour by being 
expoſed to the heat of a fire, or even to the 
ſuu-beams in a hot ſummer's day. 

TE truth is, that there is no abſolute 
cold, bur only different degrees 'of hear ; 
and blood whoſe hear does not exceed the 
fortieth or fiftierh degree in Farenheir's 
ſcale *, may be as fit to ſtimulate the heart 
in certain animals, as the much hotter blood 
of men and quadrupeds may be, to continue 
the motion of that organ in them. And 
indeed, the very remarkable effect which 
heat has in exciting the hearts of animals 
into alternate contractions, and thus pro- 
moting the circulation of their fluids, is too 
well known, to admit of any doubt. By 
different degrees of warmth or cold, inſects 

and 


lt is to be obſerved, that although, in northern climates, 
the ſurface of the ſea is often colder than freſh water when 
it begins to freeze, and conſequently would make Farenhzit's 
thermometer fall under thirty-two degrees, yet at any con- 
ſider ble depth, and where fiſhes generally live, the ſea is not 
much colder in winter than i in ſummer, 
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and the chick in the ſhell, may at pleaſure 
be made more or leſs lively, conſigned to 
death or reſtored to life *. 


3- Tn particles of the blood, beſides 
the oſcillations they are pur into by heat, 
are agitated by a motion of another kind. 
As vegetables make up the chief part of our 
aliment, the chyle is generally aceſcent; yet 
the blood and other perfectly elaborated 
animal juices are of a contrary nature, ever 
tending to putrefaction, and when treated 
by the fire, afford a volatile inſtead of a 
fixed alcaline ſalt: ſuch a change in the 
nature of the chyle, could not be produced 
withour an inteſtine motion of its particles ; 
which we find to be the grand inſtrument of 
nature in changing the texture and diſpo- 
ſitions of all vegetable and animal bodies f. 

This 


* Vid. Harvey de motu cordis, cap. 17. de generatione 
animal. exercitat. 17. et Reaumur. hiſtoire des inſectes. tom. 2, 
memoire t. 

+ It is as unreaſonable to deny any degree of inteſtine 
motion in the fluids of animals, becauſe this is not perceived 
by our Tenſes, as it would be to argue againſt their being 


poſſeſſed of any degree of heat, becauſe we are not ſenſible of 
| their 
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This inteſtine motion added to the vibra- 
tions of the particles. of the blood from 
heat, will ſtill better qualify it for acting as 
a ſliniulus upon the extremely ſenſible and 
tender nerves of the heart. 


4. Stix Iſaac Newton imagined, that the 
beating of the heart was continued by an 
acid vapour in the air, received into the 
blood by means of reſpiration *® ; in which 
opinion he has been followed by Dr. Robin- 
ſon F and others. But although particular 
regard is to be paid even to the hints and 
conjectures of ſo great a man, eſpecially of 
one, who was no leſs remarkable for his 
caution in advancing hypotheſes, than for his 
deep knowledge of nature, yet the love of 
truth is ever to be preferred to the greateſt 
names. | 


The 
their warmth when moving through our veſſels. A fluid, 
ſuch as the blood, compoſed of various and diſagreeing par- 
ticles, whoſe attractive and repullive powers are very different, 
and upon which the ſame degrees of heat and friction muſt 
have different effects, cannot fail, by its rapid motion, to 
have its globules and their conſtituent parts agitated with 
brilk vibrations. 

Optics, edit. 8vo, p. 355. 
＋ Treatiſe on the animal economy, prop. 24. 
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The opinion of Sir I/aac Newton as well 
as other Philoſophers, who imagined that 
freſh air was neceſſary to preſerve the life 
of animals, on account of ſome pabulum 
or vivifying ſpirit. which it contains, ſeems 
to have taken its riſe from the death of 
ſuch animals as were confined in a cloſe veſ- 
ſel, and conſequently were obliged, for a 
long time, to breathe the ſame air. Bur 
this fact is not a ſufficient proof of that opi- 
nion: and were it not foreign to my preſent 
purpoſe, I could bring very ſtrong argu- 
ments to ſhew that the death of animals in 
air that is not renewed, is not owing to the 
conſumption of any vivitying ſpirit or pabu- 
lum vite, which it has been ſuppoſed to con- 

' tain, but to the vapours exhaling from the 
bodies and particularly from the lungs of 
thoſe animals; which ſoon acquire ſuch 
a putrid acrimony, as to become as much 
a real poiſon to the nerves of the bronchial 
tubes and pulmonary veſicles, as is the va- 
pour of the grotta de cani in Haly, the damp 
of ſabterraneons places, or the ſteams of 
burniog charcoal, 
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5. A body, whether fluid or folid, of a 
nature which qualifies it to act as a ſtimulus, 
will excice ſo much the ſtronger irritations, 
by how much greater the force is with 
which it is applied to the ſenſible part; ſince 
ics acute, acrid, or otherwiſe active par- 
ticles, muſt by this means ſtrike more 
ſtrongly againſt the extremities of the ten- 
der nerves. Hence the blood, which we 
have ſhewn to be well ficted for gently irri- 
rating the ſenſible membraves of the cavities 
of the heart, mutt, by its being puſhed into 
them with a conſiderable force, act with 
ſo much the greater energy. Bur further, 
as by the blood ruſhing impetuouſly into the 
auricles and ventiicles of the heart, theſe 
cavities are dilated beyond their natural ca- 
pacity, ſo the extenſion which their fibres 
muſt ſuffer on this occaſion, cannot fail to 
produce ſome ſort of itritation, and thus 
prove a ſtimulus to their ſubſequent contrac- 
tion . Agreeably to this, Vepſerus has 
1 bbſerved, 


It here deſerves particular notice, that while the ven- 
tricles of the heart are extended much beyond their natural 
ſize, by the force of the refluent venous blood, the tendineo- 
carnous chords which often run from one ſide of the ventricles 

to 
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obſerved, that after one vermicular contrac- 
tion of the ſtomach is performed, another 
does not ſucceed, till this organ begins to be 
remarkably ſwelled, in its middle part, by 
the rarified air contained in it, or generated 
by the diſſolving aliments : But this diſten- 
ſion of the ſtomach no ſooner happens, than 
a new contraction of it begins, which pro- 
ceeding on towards the pylorus, expells part 
of that air, and of the digeſted aliment into 
the duodenum ; after which this orifice col- 
lapſes, and a new intumeſcenee of the 
ſtomach quickly enſues *. Hence it appears 
how great an analogy there 1s, between 
the cauſes of the alternate contraction of 
the heart and ſtomach ; both being excited, 
partly by the diſtraction of their fibres by a 
diſtending cauſe, and partly by the irrita- 
tion of their ſenſible nerves by a ſtimulating 

one. 


to the other , muſt be conſiderably ſtretched ; which cannot 
fail to produce an irritation in theſe parts, and conſe- 
quently to contribute towards exciting the ſucceeding ole of 
the heart. 


+ Vid. Cowper's myotom. reformat. tab. 39. let. þ. et tab, 40. let. f. 
alſo Senac. Traits du coeur vol. 1. | 


* Wepferus de cicut. aquat. p. 177+ 
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one. In like manner the contraction of the 
bladder of urine, and the deſire of evacu- 
ating this fluid, is not only owing to its 
acrimony ſtimulating the nerves of the blad- 
der, but alſo to its quantity overſtretching 
the coars, and diſtracting rhe fibres of this 
organ. | 

Upod the whole, from what has been 
ſaid, it may appear, that as the violent mo- 
tion of the fluids, and uncommon contracti- 
ons of the heart and arteries in the ſmall 
pox, meaſles and other feveriſh diſeaſes, is 
in a great meaſure owing to ſome foreign 
particles mixed with the blood, whence it 
ſtimulates their nerves. more ſtrongly ; ſo 
the ordinary and leſs violent motion of the 
heart, is owing to the gentler ſtimulus of 
the fluids in a ſound ſtare. 

FURTHER, that the alternate contractions 
of the heart are excited in the manner above 
explained, a variety of other arguments 
concur to ſhew. 


1. THE quickneſs and ſtrength: of the 
heart's motion are, ceteris paribus, always 
proportional to the force with which the 

venous 
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venous blood returns to its ventricles by the 
vene cava and pulmonary veins: hence ex- 
erciſe of any kind accelerates the motion of 
the heart, and increafes the force with 
which it contracts: a fit of laughter will 
quicken the pulfe above twenty beats in a 
minute “: upon an intermiſſion of refpira- 
tion, the pulſe becomes ſmaller, but reco- 
vers its former i nn, aſter 
repeating it again t. 


2. Tr appears from Dr. Hales experi- 
ments, that the blood rerurns to the heart 


by the two dena cave with nearly , of the 
force with which it was puſhed into the 
ata; and as the left ventricle of the heart 
is at leaſt three times ſtronger than the 
right, the returning venous blood will en- 
deavour to dilate the right ventricle with a 
force nearly equal to £ of the power with 
which it uſually contracts in the time of its 
fyſtole ; and this even without, taking into 
the computation, the additional imperus com- 

municated to the blood by the contraction 
| | of 


* Rodinfon on the animal ceconomy, prop. 21. 
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of the right auricle: but, by violent ſtrgin- 
ing, the force of the blood in the veins is 
often rendered above four times greater 
than ordinary *®, and conſequently ſuperior 
to that with which the right ventricle con- 
tracts when the body is at reſt: wherefore, 
if we do not allow the ſtrength with which 
the ventricles of rhe heart contract, to de- 
pend in 2 great meafure upon the action of 
the venous blood on them, it will be 
difficult to conceive how the right ventricle 
ſhould be able to overcome the force with 
which the blood ruſhes into it, upon any 
ſtraining or violent exerciſe, and in horſes 
running at fult ſpeed. Moreover, it is evi- 
dent, from the ſtate of the pulſe in peri- 
pneumonies, both before and after blooding, 
as alſo from the remarkable increaſe of 
the force of the blood in the aorta and its 
branches after deep fighingf, rhat the 
ſtrength with which the left ventricle of the 
heart contracts, is immediately increaſed or 
diminiſhed, according as the blood is ſqueez- 

K* 

* Hales's ſtatical Eſſays, vol. 2. p, 14. and 161. 
+ Hale ſtatical Eſſays, vol. 2. p. 6. and 16. 
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ed with more or leſs force through the pul- 
monary veins into its cavity. 


3. IT is very obſervable, that the auricles 
and ventricles of the heart are no ſooner fil- 
led with the refluent blood, than they imme- 
diately begin to contract; which ſtrongly in- 
dicates the influx of this fluid to be the cauſe 
exciting their ſubſequent contraction. In dy- 
ing animals, thoſe cavities of the heart ceaſe 
from motion firſt, which are firſt deprived of 
the returning venous blood: hence a little 
before death, when the blood is not puſhed 
by the force of the right ventricle beyond 
the / capillary arteries of the lungs, the left 
ventricle being deprived of its ſtimulus, is ob- 
ſerved firſt of all to ceaſe from motion, and 
ſoon after it the left auricle : but the right 
ventricle, being ſtill ſupplied with blood from 
the two cave, continues its motions for ſome. 
conſiderable time; and, even after it ſeems to 
die, the alternate motions of the right au- 
ricle are kept up by the ſmall ſtream of blood. 
which flows into it from the venæ cave. 
This, however, is not ſufficient to actuatethe 


right ventricle, till after ſeyeral contractions 
of 
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of its auricle, more blood being collected 
in it, it begins anew to tremble, and, as it 
were with ſome ſtruggle and difficulty, flow- 
ly performs another contraction . After 
both the right ventricle and auricle have 
wholly loſt their motion, the right ſinus ve- 
noſus continues for ſome little time gently to 
palpitate, and its tremulous motion, when 
about to ceaſe, may, like that of the heart, 
be renewed by heat, or any thing elſe that 
is capable to irritate its fibres f. After this 
right ſinus venoſus has alſo ceaſed to move, 
the trunks of the venæ cave adjoining to it 
continue, for a conſiderable time, to be al- 
ternately contracted and relaxed. When 
the vena cava inferior is tied, and the blood 
| is 
* After cutting away the venæ cave, opening the pulmona- 


ry artery and emptying the right ventricle of the heart of all the 
blood contained in it, M. De Haller tied the aorta, by which 
means, the left ventricle and auricle were kept full of blood. 
He then obſerved the right auricle to remain at reſt, while 
the right ventricle was affected with a feeble palpitation in 
conſequence of its ſympathy with the left one: But the left 
auricle beat ſtrongly for ſome time, and the left ventricle con- 
tinued its alternate motions for near two hours. See Act. Got- 


tingenſ vol. r. t 
+ Harvey de motu cord. cap. 4. & Valæu de motu chy- 
li & ſang. epiſt. 1. ad fin. Bartholin. anat. p. 783. & 794. 
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is ſqueezed out of that portion of it which is 
between the ligature and the heart, its mo- 
tion immediately ceaſes, but begins again, 
as ſoon as the ligature is removed and new 
blood is allowed to flow through that vein. 
Laſtly, after both the vent cave of a rab- 
bit were tied, and the blood contained in 
them and the heart, was evacuated by a 
hole made in the ſubſtance of this organ; 
its motions, as well as thoſe of its auricles, 
and the trunks of the vene cava, ceaſed at 
once, but were renewed upon the ligatures 
being taken away *, 

DR. Langriſb tells us, that in a dog whoſe 
thorax he opened, and whoſe lungs he kept 
playing with a pair of bellows, the auricles 
began the motion, and the ſj/tole of the 
ventricles always inſtantly followed that of 
the auricles. When he deſiſted from blow- 
ing freſh air into the lungs, the heart lay 
{till, but recovered its motion when the 
lungs were ſtrongly diſtended anew. In 
this action, he never could diſcover that the 
ventricles began the motion, but the au- 
ricles 


dee Bartholin. epiſtol. apatom, cent. iv. p. 111. & 112. 
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ricles always contracted firſt, and immediate- 
ly after them the ventricles; though at laſt 
he obſerved ſeveral contractions of the auri- 
cles which were not ſucceeded by any mo- 
tion in the ventricles “. From what has 
been ſaid, it plainly appears, why the mo- 
tions of the auricles and ventricles are not 
ſynchronous, viz, becauſe they receive into 
their cavities at different times the rerurn- 
ing blood, which, as 4 Sima; excites them 
into contraction. 


4. PxoPLE frequently recover from a 
leipothymia and ſyncope as it were ſpontane- 
ouſly, and without any external aſſiſtance, 
becauſe the chyle and lymph continue, by 
means of the periſtaltic mation of the guts, 
to be fotwarded to the ſubclayian vein and 
cava z at the ſame time that the venous 
blood, partly -by the contractile power of 
the greater arteries, and the oſcillatory mo- 
tions of the ſmalle ones, and partly by the 
conſtriction of the entaneous veſſels from 
cold, is tranfmitted into the branches of the 
two vene cauæ, and forwarded to the right 


y auricle 
i" cee lectures off muffuler mation, pr 61, 62, 
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auricle of the heart, which it firſt ſtimulates 
into contract ion; and immediately after- 
wards ſets the right ventricle alſo a going. 
Nay many people who have been dead in 
appearance, have been reſtored to life by 
blowing air into their lungs, and thus com- 
municating a new motion to the ſtagnating 
blood in the cava inferior and pulmonary 
veins. Of this we have a remarkable in- 
ſtance recorded in the Edinburgh Medical 
Eſſays, vol. 5. art. 55.; where we are told, 
that a man was brought to life, by diſtend- 
ing his lungs' with air, and putting the 
blood'in the pulmonary veins and left ſinus 
venoſus into motion, after his heart had re- 
mained at teſt for at leaſt half an hour *: 
and that it was in this way that the blow- 
ing into his lungs recovered him, is evident; 
ſince no ſooner were the lungs thus dilated, 
than immediately the heart began to move, 
and ſix or ſeven very quick beats were felt 
below his left breaſt; after Mus the lungs 


211 


rr of themſelves to Play, a pulſe 


bie 


Was 

* The ;nflation of the * by preſſing the vena cava | 
inferior, muſt alſo have communicated a motion to the blood ; 
in the right ſinus venoſus. fro 89 | 
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was ſoon perceived in the arteries. Hence 
it appears, that, in order to ſet the heart a 
going, and reſtore life in animals which are 
not irrecoverably dead, it is only neceſſary 
ro communicate, ſuch, a motion ro the 
blood in the cava or pulmonary veins, as 
may enable it a little to dilate the auricles 
and ventricles of this muſcle. 


5. Taz heart after it has ceaſed to move, 
is not only ſet a going again by determining 
the venous blood into its cavities, but, in 
animals which have been for ſome time 
dead, its motion may be renewed, by blow- 
ing air through the thoracic duct or vena 
cava into its right auricle and ventricle, or 
through: the - gorta into its left ventricle. 
Thus, while Peyerus was endeavouring to 
diſtend the receptaculum chyli and thoracic 
duct with air, the heart was not only ren- 
dered turgid by this fluid which had made 
its way into it, but immediately began to 
vibrate, and continued its motions for ſeve- 
ral hours“. The fame experiment was 

afterwards 


® Peyeri parerg. 7+ p- 199. and Mepfer. de cicut, aquat. p- 89 · 
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afterwards repeated by Brimerur on a dog 
with equal ſucceſs . And Harderus relates 
that in a ſtork, which had been killed by 
poiſon, he made the heart renew its mo- 
tion, by blowing air into the aorta r. Since, 
in theſe experiments, and in others which 
might be recited from other authors, the 
heart, which had lain quiet, and without 
any motion for a conſiderable time after 
death, was readily excited into contraction 
by the air ftrerching ics fibres, and probably 

\ ſtimulating irs nervous papille ; and ſince 
the heart, as we are told by Dr. Harvey, and 
as I have often experienced, after it has ceaſ- 
ed to move in an animal newly killed, may 
be.again put in motion, by applying to it a 
tile warm alva : we need not bo at a 
toſs to account for the alternate motians of 
that 


Enxperimept - circa panerpas, p. . 

+ Addjtament, ad Pgyori PaFerge 7- p. 201. 

4 la colomba certe experimento fafto, poſtquam cor 
deſierat omdino moveri, et nunc etiam aurigulz motum reli- 
querant per aliquid ſpatium, digitum fativa madefactum, et 
calidum oordi ſuperimpotitum detinui : bac ſtruento quaſi 
yires et vitam poſtliminio recuperaſſet, cor, et gjus auriculz, 
moveri et ſeſe contrahere atque laxare, et quaſi ab orco revo- 


gari vidgbantur, Harv. de motu. cord. tap. 4. 
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chat organ in living animals, where a warm 
active fluid is alternately puſhed Into ity 
cavities, 

THERE is only one objectien, which at 
preſent occurs, to the above account of the 
heart's contraction, viz. that its alternate 
motions may be owing to ſome peculiar 
power reſulting from the ſtructure and con- 
ſtitution of its fibres, and that by virtue of 
this, it is enabled to continue theſe motions 
long after the blood has ceaſed to act upon 
it. In anſwer to which, it is ſufficient to 
obſerve, that in dead animals in whom the 
motion of the blood is ſtopt, the heart re- 
mains at reſt till its vibrations are renewed 
by expoſing it to the open air, or by other- 
wiſe ſtimulating it“: whatever power 
therefore, may be ſuppoſed to reſide in the 
fibres of the heart, a ſtimulus of one kind or 
other is always neceſſary to excite it into 


action. In living animals this ſtimulus is, as 


we haye ſhewn, no other than the returning 
venous blood: in animals newly dead, 
warm water, air, and a varieiy of other ſli- 
muli excite intq action this Power which 

ſeems 


9 Sect. xiv, below. 
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ſeems to reſide in the fibres of the heart; 
which, whether it is owing merely to their 
mechanical ſtructure, to the animal ſpirits 
lodged in them, or to ſome other cauſe, 
will more fully appear in the * of this 
e 


err. 
of the relaxation and diaſtole of the heart, 


AvING men that the /5/tole of the 
heart is owing to the returning yenous 
blood acting upon its auricles and ventricles 
as a flimulus, it remains that we next in- 
quire in what manner its relaxation and 
diaſtole are brought about. | 
Tux ventricles of the heart having, by 
their contraction, expelled the blood contain- 
ed in them, into the aorta and pulmonary arte- 
ries, are immediately after relaxed; their fibres 
loſing that tenſion and firmneſs which they 
had the moment before. This relaxation 
of the heart muſt neceſſarily follow its / ſtole, 


ſince the muſcles of living animals, after 
being 
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being excited into contraction by any  /ti- 
mulus applied to them, are quickly relaxed 
again“. What may be the reaſon of this 
phenomenon we ſhall not now inquire, but 
refer it to be afterwards diſcuſſed in a more 
proper place ; it being ſufficient for our 
preſent purpoſe that the thing is allowed to 
be true. Only we may obſerve with reſpect 
to the heart, that as the ſtimulating cauſe 
(viz. the blood) is, during the fy/tole, ex- 
pelled out of its cavities, it is reaſonable to 
think that the fibres of this muſcle which 
were in a violent ſtate, will of themſelves 


endeavour to return to their moſt natural 
CONE . 
| THE 
* Sect. i. Nv 10. and It, Abe. 

+ Sect. x. below. | 
2 Dr. Langriſh is of opinion, that when the heart is in 
/5ſtole, ſome of its fibres are always ſtretched out beyond their 
natural tone; ſo that by their elaſtic reſtitutive- property, 
they act in a certain degree as;antagoniſts to the contracted 
fibres, and fo contribute to unbend them at the end of every 
ſyſtole, Cronean leffures, p. 55. But whatever may be 
in this, it 'does not appear that the heart is, by any thing in 
its make, better fitted to relax itſelf, than the other muſcles ; 
ſince theſe, or even a few of their fibres, when ſeparated from 
the body, and fo deprived of their antagoniſts, are obſerved 


to be alternately contracted and relaxed like the heart. Vid. 
Sect. xiv. below. ; 


RE 
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Tux ventricles of the heart, in conſe- 
quence of the relaxation, which happens to 
their fibres after their /5/ole is finiſhed, give 
uo reſiſtance to any cauſe that begins to dilate 
them, but will not, without violence, allow 
their ſides to be removed from each other, fo 
much as happens during their diaſtole, 

From Dr. Hales and Langriſb's experiments 
compared, it appears that the capacity of 
the left ventricle of an ox's heart, in conſe- 
quence of the natural relaxation of its fibres, 
s to its capacity, when fully dilated by the 
refluent blood, nearly as 1 to 22 *. As 
therefore the the relaxation of the heart at 
the end of every ole, is owing to the 
contraction of its fibres ceaſing at that time; 
ſo its full diaſtole is produced by the feturn- 
ing venous blond, which enters its cavities 
with a very conſiderable force. Without 
this, it is impoſſible that any relaxation of 
the heart could produce its diaſtole ; ſince a 
hollow muſcle, ſuch as the heart or bladder 
of urine, can never be fully dilated by means 
of its owh internal mechaniſm, or without 

the 


* Vid. Hales's ſtatical eſſays, vol. 2; p- 25. & Langriſh's 
Cronean lectures, No. 147. | 
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the aſſiſtauce of a diſtending cauſe intro- 
duced into its cavities. But although the 
diaſtole, or full dila tation of the ventricles of 
the heart, muſt neceſſarily be aſcribed to the 
force of the refluent blood; yet this alone, 
without a preceding relaxation of their fibres, 
would be inſufficient to produce that effect. 
"Tis true indeed, that the contraction of the 
auricles, and the mamentum of the refluent 
blood, are, in ſome ſenſe, antagoniſts to the 
ventricles “; but both theſe taken together, 
falling much ſhort of the force with which 
the ventricles contract, there muſt neceſſa- 18 
rily be ſome other cauſe, which relaxes the 
fibres of the heart, and renders them. as it 
were paralytic at the end of every /y/tole. 
Beſides this, the flaccid appearance of this 
L muſcle, 
* It is.» miſtake to think, that no bload is puſhed into 
the ventricles of the heart during their diaſtolr, except 
what was contained in the auricles properly ſo called. A 
certain quantity of blood from the ſinus venoſi alſo enters 
them, without being previouſly received into the auricles : 
of this the ſinallueſs of the left auricle alone is a demonſtra- 
tion, We are therefore to conceive of the blood during the 
diaſlole of the heart, as ruſhing into its yentricles, both from 
the auricles and ſinus venoſi, and with the united force ariſing 


from its momentum in the veins and from the contraRtile power 
of theſe hollow muſcles: 
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muſcle, immediately after its contraction 
is finiſhed, and before its ventricles are filled 
with blood, demonſtrates beyond all doubr, 
that its fibres are then in a ſtate of relaxation. 

WA has been juſt now ſaid of the re- 
laxation and diaſtole of the ventricles of the 
heart, is ſo applicable to its aurieles, that 
it would be quite ſuperfluous to ſay any 
thing of their dilatation. 

WE have already obſerved “, that the 
force with which the ventricles of the heart 
contract, is, ceteris paribus, always propor- 
tional to the momentum with which the blood 
flows into them, or, in other words, to the 
cauſe dilating them: the ole of the ven- 
* tricles will therefore be, ceteris paribus, al- 
ways proportional to their preceding dia- 
ole; and hence it is that a full pulſe ſtrikes 
the finger with ſo much greater force than 
a ſmall one, 22 22 

As the left ventricle of the heart muſt, on 
account of its ſuperior ſtrength, require a 
greater force to complete irs diaſtole than 
the right ventricle, the blood ought to re- 
turn to it with a greater momentum and that 
it really does ſo, will, I preſume, evidently 


appear 
 ® Set, iii. 
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appear from what follows. — The force with 
which the blood returns to the right ven- 
tricle of the heart by the two vene. cave; is 
in animals at reſt and not agitated with 
convulſions, according to Dr Hales's experi- 
ments, nearly equal to ½ of the force with 
which it was puſhed by the left ventricle . 
into the aorta“; i. e. in a man of an ordinary 
ſize, it acts in dilating the right ventricle 
with a force equal to the preſſure of a co- 
lumn of blood whoſe height is between 8 
and 9 inches, and whoſe baſe is equal to 
the internal ſurface of that ventricle, i. e. 
with a force equal to the preſſure of about 
five pounds f. The force with which the 
blood returns by the pulmonary veins to 
the left ventricle of the heart, is not ſo ca- 
lily determined; but that it muſt be very 
conſiderable, is evident, from the preſſure 
of the air upon the veſſels of the lungs in 
reſpiration; the preciſe force of which as it 
| | is 
* M. Saupages has computed the virtual velocity or momen- 
tum of the blood in the iliac artery of a dog, to be at leaſt 
twelve times greater than in its correſponding vein. See Hi- 


ſtoire Acad. de Berlin, 1755. | 
_ + Halesr's ſtatical eſſays, vol. 2. p. 40. 
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is difficult to inveſtigate, ſo it is not ta be 
wondered, that ſeveral learned men who 
have attempted it, ſhould have fallen into 
miſtakes, It feems, however, demonſtrable, 
from an experiment of John Bernauilli, that 
when one endeavours to exſpire with all his 
might, the whole ſurface of all the veſicles 
of the lungs may ſuſtain a preſſure equal to 
420 lib. weight“. Bur as this can only 
happen upon rhe moſt violent ſtraining, it 
is of little uſe to determine the preſſure of 
the air upon the lungs in ordinary reſpira- 
tion; which muſt bear a very ſmall pro- 
portion to this, and is not only different 
in different perſons, according to the eaſe 
with which they breathe, but vaſtly diffe- 
rent in the ſame perſons at different times: 
and althovgh the preſſure of the air upon 
any particular portion of the lungs muſt 
appear to be ſmall in ordinary reſpiration, 
if we conſider how ſoftly, and with what 
eaſe this action is carried on, yet the preſ- 
fare upon the whoſe internal ſurface of all 
the pulmonary veficles may be very conſider- 
able. Thus, if the force of the air ruſh- 
ing 

* Michellot. de ſeparatione fluidor. p. 181. 
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ing out at the aperture of the giottis in or- 
dinary exfpiration, be ſuppoſed equal to the 
preſſure of 2 grains, (which is far from be- 
ing an extravagant demand), then, fince 
fluids prefs equally on all fides, every por- 
tion of the internal ſurface of the lungs of 
the ſame dimenſion with the aperture of the 
olottis, i. e. every + of a ſquare inch of 
their ſurface (for the aperture of the gl/orris 
does not exceed this) muſt ſuſtain, at that 
time, 2 preſſure from the air equal to 2 
grains; wherefore, ſuppoſing the ſum of 
the ſurface of all the veſicles of the lungs 
in a man to be 20,000 ſquare inches, it 
muſt, in ordinary exſpiration, ſuſtain a preſ- 
ſure equal to 320,000 grains, or 666 oun- 
ces . If to this force alternately preſſing 
on the lungs, we add the momentum which the 
blood in the pulmonary veſſels receives from 
the contraction of the right ventricle of the 
heart, it will appear highly probable, that 
this 

* Dr. Keil has eſtimated the fum of the furface of all the 
velicles in the human lungs to be 21906 ſquare inches; which 
computation is in Dr, Hales's opinion too low, who has deter- 


mined this ſurface in a calf to be 40,000 fquare inches. Hales's 
ſtatical eſſays, vol. 1. p. 242 
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this fluid returns, by the pulmonary veins, 
to the left ventricle with a much greater 
force, than it did to the right one by the 
two ven Cave, | 
Bu r, to put this matter 3 all doubt, 
we need only compare the capacities of the 
two vene cave and pulmonary veins. Ac- 
cording tothe meaſures of the accurate Santo- 
1111, the area of the tranſverſe ſections of the 
two vene cada, is to that of the pulmonary 
veins, nearly as 3 to 2 *. Now the momentum 
of the blood in theſe different veſſels, muſt be 
as the tranſverſę ſection of the veſſels multi- 
plied into the ſquares of the velocities: but 
ſince equal quantities of blood paſs through 
them in equal times, the velocities muſt be 
inverſely as the ſum of the tranſverſe ſec- 
tions; therefore (by compounding ratio) the 
momenta will be inverſely as the ſum of the 
ſame tranſverſe jections, i. e. the momentum of 
che blood in the cave, taking Santorini's mea- 
ſures for a ſtandard, is to its momentum, in the 
large truuks of the pulmonary veins, as 2 to 
3: and this upon the ſuppoſition that the 


reſiſtance to the blood's motion in the Cave 


and pulmonary veins - Were equal ; which 
however 


7 Odbvſervat, anatom. P. 145. 
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however is not the caſe, ſince the left ven- 
tricle of the heart muſt require a greater 
force to complete its diaſtole than the right 
one, and conſequently give a greater reſiſt- 
ance to the blood flowing into it from the 
pulmonary veins, than the right ventricle 
does to the blood in the cave. Suppoſing 
therefore, with ' Santorini, that the capaci- 
ties of the cave and pulmonary veins are ge- 
nerally as 3 to 2, the momentum of the 
blood in the latter, will exceed its momentum 


in the former, in a proportion ſomewhat 


greater than that of 3 to 2. 

M. Hetverius, it is true, has drawn a dif- 
ſerent concluſion from the ſmall capacity of 
the pulmonary veins, when compared with 
that of the vene cave, or pulmonary ar- 
tery , viz, that che blood is denſer in the 

former 


* The ſum of the tranſverſe areas of the pulmonary veins, 


is not only leſs than that of the two cave, but alſo lels than 
the ſum of the tranſverſe areas of the branches of the pul- 
monary artery, contrary to what is obſerved almoſt every 
where elſe in the body. It has been warmly diſputed, whether 
this diſcovery was firſt made by Helvztius or Win/low, or it 
it does not rather belong to Dr. Drade, who has painted the 
branches of the pulmonary "_— larger and more numerous 


than 
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former than in the latter, but not that its 
velocity is greater T: and this denſity, he 
imagines, it acquires chiefly by being expo- 
ſed to the cool air, in its paſſage through 
the ſmall veſſels of the lungs. In anſwer 
to which, it is ſufficient for our purpoſe to 
obſerve, that unleſs the blood is condenſed 
in the lungs into + of its former bulk, (a 
ſuppoſition which cannot be admitted) it 
muſt needs flow through the pulmonary 
veins, with a greater velocity, and conſe- 
quently with a greater momentum, than thro? 
the two cave, The ſmall expanſion and 

conden- 


that thoſe of the veins, (Anat. tab. 12. and 13.)3 although 
be ſays nothing of this inequality either in his deſcription 
of the lungs, or in his explication of theſe figures. This 
debate, of no great importance indeed, might have been 
eaſily decided, if the perſons concerned in it, had looked into 
the proem of Dr. Harvey's book de motu cordis, &c.; where 
we find the following paſſage ; from which it appears, that 
this Ipeciality in the pulmonary veins was not unknown to 
that illuſtrious author. © Quum venam arterioſam, vas am- 
« plum magnum cum tunica arteriz factum, non niſi privato 
Ss et uni uſui, (viz. alendis pulnionibus) deſtinarint: cur 
« arteriam venalem vi pari magnitudine cum tunica venz 
« molli, taxa, pluribus uſibus, tribus vel quatuor videlicet, 
fabrefactam eſſe aſſeverant ? ” | 


+ Memoires acad, des ſciences 1718, edit, Byo, p. 281, &c. 


\ 


other INVOLUNTARY MoTions. 89 


; condenſation of water, oil, ſpirit of wine, 
5 and other liquors in thermometers, ariſing 
from conſiderable degrees of heat and cold, 
ſhew, that the cool air applied to the ſur- 
face of the lungs, can have but little influ- 
ence in condenſing the blood; beſides, 
it ſeems not at all improbable, that the 
blood may acquire a heat in the lungs, ſuf- 
ficient to compenſate the refrigeration it is 
there expoſed to, It is generally thought, 
and indeed not without good reaſon, that 
| the blood in the pulmonary veins is ſome- 
what denſer than in the artery of that 
name: but this, perhaps, is not ſo much to 
be aſcribed to the coldneſs of the inſpired 
air, as to its preſſure, and to the action of 
the elaſtic veſſels of the lungs. 

Ir it be objected to what we have offered 
in proof of the blood's returning with 
greater force to the left, than to the right 
ventricle of the heart, That in a fetus in 
utero this ſeems not to be the caſe; it may 
be anſwered, that the ſtrength of the left 
ventricle in a fetus, exceeds that of the 
right but little; or, at leaſt, not near fo 
much as in adult animals: — that the right 

M ventricle 


CO 
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ventricle not only puſhes part of the blood 
through the veſſels of the lungs, but alſo 
diſtributes a good deal more than 3 of the 
whole maſs to the aorta and its branches: 
—that the force of the blood returning by 
the two cave to the right ventricle is greatly 
leſſened, by its having a free paſſage thro? 
the foramen ovale into the left ſinus venoſus; 
while the blood by this means enters the 
left ventricle, not only with the force with 
which it returns from the lungs, bur alſo 
with a great part of that with which it flows 
in the cave. | 
In ſpeaking of the force with which the 
blood returns to the two ventricles of the 
heart, we have taken no notice of the ad- 
ditional impetus communicated to it, by the 
contractions of the auricles and ſinus venoſi, 
becauſe this is common to both ventricles; 
although it muſt be confeſſed, that the left 
auricle ſeems to be weaker, as well as leſs ca- 
pacious than the right; and perhaps it was 
ſo formed, as the blood returning with great 
impetuoſity from the lungs, after having 
been intimately mixed and elaborated there, 
may not require ſo large an auricle, as the 
venous 
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venous blood of the cave, which moves with 
leſs force, and is compoſed of parts leſs per- 
fectly united. b FE 
Upos the whole, if it ſhall be aſked, why 
the heart being a ſolitary muſcle, and deſti- 
tute of any antagoniſt, does not, like the 


ſphincters, always remain equally contracted ; 


the anſwer is obvious, viz. that muſcles 
brought into action by a ſtimulus, are imme. 
diately relaxed again *; which relaxation 
therefore happening to the heart, the blood, 
in its return, enters the ventricles with con- 
ſiderable force, and, by dilating them, acts 
in ſome reſpect as antagoniſt muſcles do in 
other parts of the body; at the ſame time 
that, by its gentle irritation, it is the cauſe 
of their ſubſequent contraction. The heart 
muſt of neceſſity, therefore, be alternately di- 
lated and contracted, as long as the return- 


ing blood continues to be poured into its ca- 
vities f: nay, ſince the contractions of muſ- 


cles from a ſtimulus are alternately repeated 
both in living and newly dead animals, al- 
though the ſimulus is not renewed after eve- 
ry 
Sec. 1. No 10. 
+ Sect. 1. No 12, 13, and 14. 
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ry contraction , and ſince the heart conti- 
nues to vibrate for ſome time after injecting 
warm water or air into its cavities, it is high- 
ly probable, that the irritation of the return- 
ing blood in a ſound ſtate, is capable of ma- 
king it perform not only one, but ſeveral 
contractions ; which ſeems to be confirmed 
by the heart's palpitating after the vena cava 
and pulmonary veins have been tied, and 
conſequently after the blood is intercepted ; 
though indeed it may be alledged, that, in 
this laſt inſtance, the pulſations are either 
owing to the irritation communicated to 
the heart by the ligature made on theſe veſ- 
ſels, or to ſome blood ſtill remaining in its 
ventricles. Perhaps, when a ſtimulus is very 
ſlight, it may cauſe only one ſingle con- 
traction of a muſcle; but when it is great- 
er, it will produce repeated convulſions, and 
always the more, the ſtronger it is. The acti- 
on therefore of the returning blood upon the 
auricles and ventricles of the heart in living 
animals, may be ſuppoſed not only to excite 
them once into contraction, but likeways, 
without the acceſſion of new blood, or any 


other 
© Set. T. No 11. 


* 


A. 
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other ſtimulus, to cauſe ſome ſubſequent vi- 
brations, always indeed decreaſing in force 
and frequency; but as in the intervals of theſe 
vibrations, the heart is again filled with blood, 
its alternate contractions, being always ſoli- 
cited by a new cauſe, do not become weak- 
er or flower, but continue the ſame, while 
the quantity and quality of the blood are 


unvaried. 


Ir can be no juſt objection, therefore, to 
our account of the heart's motion, that in 
many animals newly killed, this muſcle, by 
ſeparating it from the body, or otherwiſe ſti- 
mulating it, is excited into alternate con- 
tractions, which continue to be repeated for a 
conſiderable time, though the ſimulus be not 
renewed; ſince the motions. of muſcles a- 
riſing from this cauſe, do not ceaſe immedi- 
ately upon its removal, but decreaſe in 
ſtrength and quickneſs by flow degrees, be- 
fore they quite diſappear * : nor ought we 
to be ſurpriſed that the violent irritation, 
occaſioned by pricking and tearing the fibres 
of the heart, or from cutting its large veſſels, 


makes 

Vid. Sect i. No 11. and Set. xiv. where the motion of 

the heart after death, or its ſeparation from the body, is par · 
ticularly inquired into, | 
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makes it repeat its vibrations more frequent- 
ly, and continue them for a much longer 
time, than the gentle ſlimulas of the return- 
ing blood. | 7 

AT what time the motion of the heart 


begins in naſcent animals, and what is the 


cauſe which firſt ſets it a-going, are que- 
ſtions not uſually inquired into, nor indeed 
eaſily anſwered ; although the ſecond ſeems 
to admit of a much caſier ſolution than 
the 1irſt. 

I all the parts and organs pre-exiſt in mi- 
niature in the animalcle in ſemine, it will ſcarce 
de diſputed, that while it ſwims in this liquor, 
the fluids are propelled through its veſſels 
by che action of its heart, and circulate in 
the ſame manner as in the farms in utero. If 
the heart does not pre- exiſt in the animalcle, 
but is formed after conception, then the 
begintiing of its motion muſt be later. But, 
be this as it will, we know that in impreg- 
nated eggs, the animalcle lies in a death- 
like ſtate, reſembling that of many inſects, 
and -fome larger animals in winter; and 
chat its heart remains at reſt, till by the 
heat of incubation it is rouſed into action. 


After the motions of the chick's heart be- 
come 
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come - viſible, they may be rendered more 
lively or languid by a greater or leſs degree 
of warmth ; nay may be made entirely to 
ceaſe by cold, and be as quickly *renewed 
again by heat, *. Hence it follows, that 
chough it be not certain when the heart be- 
gins firſt to move in naſcent animals, yet 
the cauſe which ſets it firſt a-going, and re- 
commences its motions after being ſtopt, is 
heat, which, by rarifying and agitating, 
with an inteſtine motion, the particles of 
the fluids, enables them, by their ſtimulus, 
to excite the fibres of the heart into con- 
traction; at the ſame time, that it increaſes 
the ſenſibflity of the nerves, which are be- 
numbed by too great a degree of cold. 


SECT. V. 


Of the motions of the alimentary canal, and 
bladder of urine, 


AvinG thus accounted for the alter- 
nate contraction and relaxation of 
cad | AT the 

* Harvey de generation. animal. exercitat. 17. 
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the heart ; we come next to inquire into the 
cauſe of the other involuntary motions ; and 
ſhall begin with thoſe of the alimentary canal. 

In deglutition, the contraction of the 
muſcles which pull up the /arynx and. os hy- 
oides, and ſo puſh the food into the dilated 
pharynx, is generally ſpontaneous, and ow- 
ing to the irritation of the ſenſible mem- 
brane of the fauces, by the food paſſing 
that way. In like manner, no ſooner 
is the aliment received into the pha- 
rynx, than this muſcular tube contracts, 
and, embracing it cloſely, puſhes it on to 
the eſophagus, whoſe nerves being irritated, 
and its fibres ſtretched by the food in its 
deſcent, each ſmall portion of it contracts 
itſelf, and ſo tranſmits the aliment to the 
next, till at laſt it is puſhed into the ſto- 


mach. | 
Tux aliments which are generally compo- 


ſed of parts fit to act as a gentle ſtimulus on 
the ſenſible parts of animals, are no ſooner 
received into the ſtomach, than, by its hear 
and motion, as well as the action of the 
humours flowing into it, they begin to ſwell, 
and continue, during the whole time of 

their 
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their diſſolution, to emit bubbles of elaſtic 
air: At the ſame time, the cool air ſwal- 
lowed, every now and then, ivith the ſaliva, 
is quickly rarified by the heat of the ſtomach: 

HERE then, we fee; in the aliments, air 
and humours, cauſes which may gently ſti- 
mulate the nerves of the ſtomach, and 
ſtretch its fibres ſo as to excite them into 

contraction: and this exactly agrees with 
Iepferus's obſervations, which ſhew, that 
the contraction of the ſtomach never hap- 
pens but in conſequence of its preceding in- 
tumeſcence. Motum ventriculi, ſays this au- 
thor, oculis obſervare licet in vivarum beſtia- 
rum anutome, O' non ſemel vidi illum conſtringi 
lente verſus ſtomachum, ſubſequente vomitu, aut 
verſus pylorum contentis in duodenum explo- 
ſis 5 nonnunquam gracilior & brevior reddeba- 
tur; mox iterum intumuit, /ubſequente rur- 
ſus nova coarAationt, que vel verſus pylorum 
vel ſtomachum prog rediebatur x. And, in ano- 
ther place, Quando vero circa medium fe con- 
traxerat (ſcil. ventriculus) motus lent? verſus 
pylorum procedebat, illeque erigebatur liquorque 
, ſubpallidus, nunc ſpumeus nunc viſcidus, quands- 
que ſenſim aliquando cum impetu protrudebatur - 
r N conſtricin 
Hiſtor. cicut. aquat. p. 87. 
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conflrifo pyloro rurſus intumuit totus ventri- 
culus, moxque rurſus circa medium ſe conſtrin- 
xerat, novuſgue liquor per pylorum ejicrebarur*, 
Thus we find the dilatation of the ſtomach 


always ſucceeded by its contraction, which . 
expelling, by the pylorus, the diſtending 
cauſe, i. e. part of the air and aliments, the 
fibres of this organ are immediately relaxed, 
ſo as eaſily to give way to the diſtending 7 
force of the rarified air arifing from the a- 
liments, and thus to ſuffer a new dilatation ; ; 
which, as before, is ſoon followed by a new 5 
contraction. Hence there appears a remark- : 
able analogy between the cauſes of the : 
alternate motions of the ſtomach and heart, ; 


even in thoſe animals whoſe make as to 
theſe parts agrees with that of the human ; 
kind ; bur which is ſtill ſtronger in grani- 
vorous birds, whoſe ſtomach more nearly 


In 

reſemhles the heart in its ſtructure, and in 5 
the force of its motions f. 

| Ir "| 

* Hiſtor. cicut. aquat. p- 197. | 

+ The ſmall rough ſtones which granivorous birds ſwal- la 

low, are not only uſeful to break and grind their food, but by 

alſo to excite their leſs ſenſible ſtomachs into proper contrac- A 


tions; for theſe, on account of the hard ſkin which lines them, 
would be little affected by the diſſolving aliments and rarified 
air, without the attrition of thoſe ſt ones. ö 
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Ir it be aſked, why the ſtomach is not 
brought into a new contraction by the ſtimu- 
lating quality of its contents, before a new 
intumeſcence of it has happened; it is ſuffi- 
cient to anſwer, that, in order to excite a 
new contraction of the ſtomach, or hiader its 
yielding to the dilating force of the rarified 
air, the gentle /limulus of the aliment may 
require the additional irritation which the 
ſtretching of its fibres produces. Beſides, as 
the convulſive contractions of the diaphragm 
which happen in conſequence of an irrita- - 
tion of the left orifice of the ſtomach, do 
not follow one another very quickly, al- 
though the ſtimulating cauſe continues to 
operate, but after longer or ſhorter intervals, 
according as the irritation is weaker or 
ſtronger; ſo, in the ſame manner, after one 
contraction of the ſtomach is over, ſome time 
may be required for the ſtimulating cauſe to 
act, before a new contraction is produced. 

THAT the ordinary vermicular motion of 
the ſtomach is chiefly owing to the ſtimu- 
lating quality of its contents, is confirmed 
by a variety of facts: thus, when any thing 
is received into the ſtomach, which ſtrong- 


5 
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ly irritates or difagreeably affects its nerves, 
it is. thrown into convulſive contractions, 
which are renewed, after ſhort intervals, till 
the offending cauſe is cither quite expelled, 
or greatly weakened, On the other hand, 
opium, which renders our fibres and nerves 
leſs ſenſible of any irritation, has of all 
things the greateſt power ta quiet convul- 
five and irregular motions of the ſtomach. 
At the ſame time, the nauſea and inclina- 
tion to vomit, which is ſometimes brought 
on by wind collected in the ſtomach, or 
by ſudden]y drinking too great a quantity 
of the mildeſt liquids, ſhews that the ſimple 
incumeſcence or diſtenſion of the ſtomach, 
contributes to its contraction independent 
of any particular ſtimulus affecting its ner- 
vous papillæ. 

THe vermicular motion of the inteſtines, 
is quite a-kin to that of the ſtomach, and 
produced by the ſame cauſes. Small quan- 
tities of rarified air and digeſted aliment 
are puſhed from one portion of the inteſti- 
nal tube into the next, and from this again 
into the ſucceeding one, and ſo on; i. e. the 
part dilated by the air and aliments ac- 
quires ſuch a power of contraction, as to 

overcome 


— 
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overcome the elaſticity or contractile power 
of the contracted part next it. Whenco 
ſhould this happen? It cannot be owing ta 
the more copious influx of arterial blood 
into the veſſels of rhe diſtended ſegment, 
as Dr. Stuart would perſuade us“; ſince it 
has been ſhewn that this fluid does nor im- 
mediately conduce to the contraction of a 
muſcle f. — There is no reaſon to imagine, 
that, on account of any alternate compreſ- 
ſion of their nerves, the animal ſpirits are 
tranſmitted to the inteſtines in ſucceſſive 
ſtreams : nor would this, if ſuppoſed, anſwer 
the phenomena; ſince the whole inteſtinal 
canal is not, like the heart, alternately con- 
tracted and relaxed, but, as to time, is alto- 
gether irregular in the motions of its ſeve- 
ral parts. It remains therefore that the 
ſtretching of the fibres of the inflated part 
of the inteſtine, together with the ſtimulus of 
the bile, air, and digeſted aliments which it 
contains, is the cauſe of its ſubſequent con- 
traction, And ſurely, if warm air impelled 
through the vena cava, or thoracic duct, 

| into 

* Diſſert. de motu muſcul, cap. 12. 
+ Sect. i. No 2. above. 
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into the heart of an animal newly killed, 
excites it into contraction, it may reaſon- 
ably be ſuppoſed to have an equal, effect on 
the ſtomach and inteſtines, between whoſe 
motions and thoſe, of the heart there is a 
ſtrong analogy. 

Wx have already ſcen from VV. W 
that, by every contraction of the ſtomach, 
ſome part of the more liquid aliment and 
rarified air is puſhed through the pylorus 
into the dupdenm, which, not finding a free 
paſſage through this inteſtine, on account 
of its yalves and the natural contractility of 
its coats, will dilate that part of it next the 
ſtomach, and conſequently excite it into 
contraction, by which its contents will be 
tranſmitted to the next portion of this 
gut, and ſo on through the whole tract of 
the 7ejuwmm and ileum, where the valves be- 
ing larger, will, by ſtopping the progrels of 
the chyle and rariſied air, occaſion more 
remarkable dilatatipns, and conſequently 
ſtronger ſucceeding contractions. 6 

Ir will further appear, that the periſtaltie 
motion of the inteſtines, is owing to the 
digeſted aliment, bile and rariſied air, acting 

| upon 
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upon them as a ſtimulus, if we conſider that 
purgatives, which act chiefly by irritating 
the inſide of the guts, greatly increaſe this 
motion: That in animals opened alive, 
the inteſtines are excired into ſtronger con- 
trations, by pricking them with a ſharp 
inſtrument, or applying any acrid liquor to 
them: That ſuch things as render our 
nerves and fibres leſs ſenſible of any irrita- 
tion, leſſen or deſtroy the periſtaltic motion 
of the bowels; thus Dr. XKaau not only 
found the vermicular motion of the inteſ- 
tines extremely weakened and flow, in'a 
dog to whom he had given fix grains of o- 
pium, but that pricking their external ſarface 
with the point of a needle, did not ſenſibly 
increaſe it“ and, laſtly, that when the 
bile from any cauſe becomes inert, or is 
hindered from flowing into the bowels, 
coſtiveneſs generally follows. Nay, that 
the ſlimulus of the bile is, in a particular 
manner, neceſſary to the right performance 
of the periſtaltic motion, and that without 
it the inteſtines would not be able, ſuffici- 


ently, to reſiſt the diſtending power of the 
rarified 


* Impet. faciens, dictum Hippocrat. No 4335. 
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rarified air, ſeems highly probable frotii the 


remarkable inflation of the bowels in ſuch 
as die of an inveterate jaundice; and from 
the hiſtory given by Dr. Stuart, of a man 
who died of a wound in the gall-bladder, 
who was not only incurably coſtive, but 
whoſe inteſtines were ſo much diſtended with 
air, that before opening him a tympany 


was ſuſpected “. 


WHILE the chyle is taken up, as it paſ- 
ſes along, by the lacteal and abſorbent veins 
of the ſmall inteſtines, the groſſer and leſs 


nutritious parts of our humours and ali- 


ments are tranſmitted from the ileum by the 
valve of the colon into the great guts, where 


they remain for ſome time without giving 


any diſturbance; till, by the preſſure of the 
diaphragm and abdominal muſcles in reſpi- 
ration, together with the gentle contractions 
of the inteſtines themſelves, they are puſhed 
into the redium, where, partly by their acri- 
mony, but chiefly by their weight and bulk 
overſtretching its fibres, they excite this 
gut into ſtrong contractions, and bring on 
an inſuperable defire of emptying it. When 

| any 
* Philoſoph. Tranſ. No 414. 


Bal. + mand. - Senn ons cf © ne dds eos as 
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any acrid matter lodged in the plice of 
the rectum, irritates its nervous papillæ, as 
in a teneſmus, its muſcular coat is excited 
into frequent and ſtrong contractions, and 
there is almoſt a perpetual deſire of going 
to ſtool. This is beſt cured by oily and 
mucilaginous clyſters, with opium; which 


at the ſame time that they ſheathe the acri- 


mony, blunt alſo the ſenſe of pain. 

Tas bladder of urine is a hollow muſcle, 
which being deſtitute of any proper anta- 
goniſt, would always, if not hindered by 
ſome foreign cauſe, reduce itſelf co its ſmal- 
leſt capacity, by means of that natural con- 
traction which is owing to the force of the 
circulating fluids, the elaſticity of its fibres, 
and the conſtant but gentle operation of 
the nervous influence upon them“. This 
contractile power of the bladder, whereby 
it reduces itſelf to its ſmalleſt fize, is over- 
come by the urine gradually dropping into 
its cavity from the ureters ; which at 
length, by overſtretching the coats of the 
bladder, excites its muſcular fibres into 
ſtrong contractions; but . theſe being of 


O themſelves 
* Sect, i. No 4. 
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themſelves unable to overcome the ſphincter, 
the diaphragm, abdominal muſcles, and le- 
vatores ani, are called in to their aid: how- 
ever, after the ſþhinfer is opened, the con- 
tractile power of the bladder alone is ſuf- 
ficient to expel the whole urine. 

Tu 1s fluid, though ſenſibly acrid, does 
not, when accumulated in the bladder of 
a healthy perſon, give uneaſineſs ſo much by 
the irritation of the nerves of that organ, as 
by overſtretching its fibres: but when the 
mucus, deſtined to defend theſe nerves from 
the acrimony of the urine is abraded, or 
when the inner coat of the bladder is in- 
flamed or excoriated, no ſooner does the 
urine begin to be collected, than, by fret- 
ting this tender and extremely ſenſible part, 
it occaſions convulſive contractions of the 
muſcular coaß of the bladder, and alſo of 
the diaphragm and abdominal muſcles; 
hence in ſuch caſes the patient is afflicted 
with a violent and almoſt conſtant deſire of 
paſſing his urine, while in the mean time 
there are only a few drops to be expelled. 

Mares and cows, after evacuating their 
urine, are obſerved, for ſome time, alternate- 

1 
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ly to contract and relax their urethra and 
ſphinder veſice ; at firſt very briſkly, after- 
wards more weakly and with longer. inter- 
vals between each contraction. Theſe mo- 
tions are ſolely owing to the irritation of 
the parts by the urine; and it is a proof of 
this, that as the uneaſy ſenſation begins to 
abate, ſo does the force and quicknels of 
theſe motions. 


SECT. VL 


Of the motions of: the blood-veſſe!s, and ſcueral 
others of the ſpontaneous kind. 


TH E moſt remarkable of the ſpontane- 

ous motions which remain to be ac- 
counted for, are the alternate fy/tole and 
diaſtole of the arteries ; the leſs perceptible 
motion of the veins; the oſcillatory con- 
tractions of the ſmaller veſſels ;- the erection 
of the penis; the convulſive motions of the 
muſculi acceleratores urine in coition ; the 
motions, of the fallopian tubes, whereby 
they embrace the ovaria, and convey the 
dd, 
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ovum to the womb ; the alternate action of 
the muſcles of reſpiration ; their convulſive 
motions in coughing and fneezing ; and 
the contraction of the pupil and muſcles of 
the internal ear, in order to adapt theſe 
organs exactly to the degree of light and 
ſound applied to them. 


I. THE diaſtole of the arteries is, like the 
dilatation of the heart, owing to the blood 
puſhed into their cavity, with a conſiderable 
force, and their ole or ſucceeding con- 
traction is effected chiefly by their elaſticity, 
and partly by the proper contraction of 
their muſcular coat, excited by the blood 

ently ſtimulating their internal ſurface, 
and at the ſame time ſtretching their fibres. 
That the /y/>/e of the arteries is not wholly 
owing to the elaſticity, but partly alſo to 
the muſcular contraction of their fibres, is 
generally acknowledged by Phyſiologiſts; 
and that the blood alternately pufhed into 
them and acting as a flimulus, excites this 
muſcular contraction, the analogy of the 
heart, and other ſpontaneous motions, al- 

ready explained, feems fully to evince. 
2. BEsIDE 
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2. BESIDE the alternate diaſtole and /yſtole 
of the larger arteries, which, in a great 
meaſure, depend upon the projectile force of 
the heart, and the elaſticity of their coats, 
there is a vibrating or oſcillatory motion in 
the inferior orders of veſſels, to which the 
direct force of the heart does ſcarcely reach, 
and where elaſticity is no ways concerned. 
And as the food is conducted from the 
mouth through the whole courſe of the ali- 
mentary canal, by its exciting the muſcular 
coat of this tube into contractlons, as it 
paſſes along; ſo the motion of the fluids 
through the inferior orders of veſſels and 
ſecretory tubes of the glands, to many of 
which the impulſive force of the heart 
ſeems not to extend, is chiefly carried on by 
the vibrating contractions of theſe veſſels, 
excited by the gentle ſlimulus of the circu- 
lating fluids *, 


3- As the ſmaller veſſels, though deſtirute 
of any alternate pulſation depending upon 
the 


* See this point more fully illuſtrated in my Phyſiological 
Eſſays, edit. 2. Eſſay 1. on the motion of the fluids in the 
yery ſmall veſſels of animals. | 
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the contraction of the heart, are neverthe- 
leſs agitated with a kind of oſcillatory mo- 
tion; ſo it is highly reaſonable to. think, 
that the veins are not inactive canals, but 
ſo affected by the ſtimulus of the circulating 
blood, as to have their muſcular coat ex- 
cited into alternate, but weak contractions, 
by means of which the return of this fluid 
to the heart is partly promoted. As a 
proof of this, the vena cava may be plainly 
ſeen to contract alternately in dying animals 
whoſe thorax is laid open“; though it is 
probable t hat the motions of this vein near 
the heart, are more remarkable than elſe- 
where, on account of ſome kind of alternate 
Nt which it ſuffers, and of its coats 
being ſomewhat more muſcular here, than 
elſewhere. And does not the vena cava 
continue to palpitate longer than the heart 
in dying animals, becauſe, after the circula- 
tion through this organ has ceaſed, 'the 
blood is {till tranſmitted in ſmall quantity 
from the. arteries into the naſcent veins, 
and conſequently into the cava; which be- 
ing therefore longer ſupplied with the cauſe 
| exciting. 

* Set. xiv. No 16. below. 
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exciting its motions, muſt continue them 
longer ? 

HExck we ſee that the fluids are in ſome 
ſenſe the cauſe of their own motion; ſince, 
without their ſtretching power aud ſtimula- 
ting quality, the heart and arteries, however 
well fitted for muſcular contraction, would 
remain altogether unactive and at reſt: and 
that as the contractile power of the ſolids 
is altogether neceſſary to carry on the vital 
functions, ſo likewiſe is the action of the 
fluids- upon the ſolids, in order to excite 
their muſcular power into action. Hence 
alſo we may eaſily underſtand how it is that 
heat has ſo great an influence in promoting 
the circulation of the fluids, that inſets 
and many other animals, after they are to 
all appearance dead, may be quickly brought 
to life by it. Heat not only renders the 
hearr and vaſcular ſyſtem more ſenſible, but, 
by raiſing an inteſtine motion and briſk vi- 
brations in the particles of the fluids, muſt 
neceſſarily communicate ſome degree of ir- 
ritation to the ſolids; and thus bring them 
into alternate contractions. vs 
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4. THe erection of the penis has been 
generally aſcribed to the contraction of the 
muſcles called ereforesz yet as their ſitua- 
tion is ſuch, that the veins of the penis can 
ſcarcely be affected by their action, and as 
an erection of this member cannot be pro- 
cured at pleaſure, by ſtrongly preſſing it a- 
gainſt the os pubis, ſeveral later authors ſeem 
juſtly to have rejected this opinion, but, 
as far as I know, without ſubſtituting any 
thing ſatisfactory in its place. 

Bur as the taſte, nay even the Goht or 
remembrance of grateful food, makes the 
ſaliva flow, in greater quantity than uſual, 
into the mouth of a hungry perſon, by in- 
creaſing the oſcillatory motions of the ſali- 
vary veſſels [N® 2.]; ſo, why may not the 
ſtimulus of the ſeed in the veſicule ſeminales, 
or the ſight, nay even the recalled idea of 
laſcivious objects, occaſion a more than or- 
dinary flow of blood through the ſmall ar- 
teries of the penis, by greatly increaſing their 
vibrating contractions? If this really hap- 
pens, the ſmall capillary red arteries will, by 
the increaſed force of the fluids, be en- 


larged, and the ſerous ones, at leaſt many 
of 
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of them, will be rendered capable to admit 
red blood : thoſe arteries which end in veins, 
will tranſmit their fluids to them as uſual, 
only with greater impetuoſity, while ſuch 
as terminate with open orifices in the cells 
of the penis, will, through their dilated 
mouths, -pour forth not only a ſerous orlym- 
phatic fluid, as uſual, but alſo red blood it- 
{elf ; which not being faſt enough carried off 
by the abſorbent veins, whoſe orifices are 
not enlarged proportionally with thoſe of 
the arteries, muſt fill and diſtend theſe ca- 
vities, and conſequently produce an erec- 
tion of the penis, As ſoon as the cauſes 
exciting an uncommon oſcillatory motion 
in the ſmall veſſels of the yard ceaſes, it 
begins to ſubſide, becauſe the fluids are now 

poured in much leſs quantity into its cells. 
Tunis account of the erection of the penis 
ſeems to be much more agreeable to the 
laws of the animal ceconomy, than that 
propoſed: by Duvernoi , and embraced by 
NM. de Haller f, who ſuppoſes that the ſmall 
P | Veins 
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veins of the penis may be ſo ſtraitened, by 
I do not know what contraction of the ner- 
yous filaments ſurrounding them, as in a 
great meaſure to prevent the return of their 
blood &. Vieuſſens who conſidered the nerves, 
which in ſome places appear to ſurround the 
blood - veſſels, as ſo many ſmall cords capable 
of conſtricting them more at one time than 
another, and conſequently of producing rex 
markable changes in the'cireulation, de- 
duces the paleneſs of the face in ſome 
paſſions, and its redneſs in others, from the 

nerves ſtraitening the carotid arteries in the 

former, and the jugular veins in the latter 

caſe}, However, nane af the authors now 

mentioned, have condeſcended- to ſhew us 

how the nerves can be fo drawn as, like '4 

ligature, to ſtraiten the | veſſels which they 

encompaſs. Nor indeed can this be eaſily 

conceived, There is no —_— to be 

lere found 

* Suppoſing the nerves could, like cord 20 the vein 

of the penis, yet an erection of this member would not be the 

conſequence ; ; for tho'a ligature made on the penis near the 

0s pubis makes it well, yet this ſwelling is quite different from 

a true erection. See Albinus' 1 annolationes et lid, . 
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found of any motion or action in the ani- 
mal body being performed by the contrac- 


tion of the nerves, whoſe office is not to be 


drawn or rendered more tenſe at one time 
than another, but to ſupply the muſcular 
fibres every where through the body, with 
that influence or power which ſeems to be 
immediately neceſſary to their contraction: 
but, by the increaſed oſcillatory motion of 
the ſmall veſſels, which we have aſſigned 
as the cauſe of the erection of the penis, we 
daily obſerve a variety of ſudden and ſur- 
priſing changes produced in the circulation. 
To this is to be aſcribed the profuſe ſecre- 
tion of pale limpid urine, to which hyſte- 
rical people are ſo liable; as alſo the great 
diſcharge of tears from the lachrymal veſ- 
ſels, in people affected with great joy or 
grief. And the bluſhing, or tedneſs and 
glowing warmth of the face, which attends 
a ſenſe of ſhame, is not owing to the con- 
friction of the temporal veins by means 
of the nervous filaments from the portio dura, 
which ſurround them “, but to an increaſed 
oſcillatory 

* Haller not. in Bocrhaes. inftitut; ed. paraft. 572: * 
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oſcillatory motion of the ſmall veſſels of the 
face, which in moſt people, more or leſs, 
accompanies a conſciouſneſs of ſhame: for 
as the roſy colour, and ſudden "warmth, 
which are the neceſſary conſequences of the 
increaſed motion of the blood in the ſmaller 
veſſels, ill agree with the ſtagnation of this 
fluid, as ariſing frour any compreſſion of 
the temporal veins; ſo their being often dif- 
fuſed over the neck and breaſt, clearly 
ſhews that they cannot proceed from this 
cauſe. Why this affection of the mind 
ſhould produce ſuch a change in the circu- 
lation of the blood in thoſe parts rather 
than any other, we do not pretend to ſay, 
Sufficient it is, that from experience we 
know that the body and its ſeveral parts are 
variouſly affected by the different . of 
the mind. 

AFTER what has been ſaid, it vil be ea- 
ſy to account for the erection of the nipple 
of a woman's breaſt, and the ſwelling of a 
rurkey-cock's comb and rattles, which are 
much a- kin to the erection of the penis, and 
which, as M. de Haller has juſtly obſerved, 


are certainly not owing to the contraction 
| | vi + of 


— 
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of any muſcle hindering the return of the 
blood by their veins*, For hy may not 
the paſſion of anger or pride occaſion an in- 
lation of the above | mentioned, animal's 
comb and rattles, as well as the ſenſe of 
ſhame does a fluſhing of the face? and may 
not tit illation increaſe, the motion of the 
fluids in the ſmall, veſſels of the nipple, in 
the ſame manner as, in the penis? . ”Y 
Tax unuſual ſenſation of heat in the face, 
which attends bluſhing,,. and. is; ſo; quickly 
raiſed, may enable us to account ſor the 
many ſudden complaints of heat and cold, 
and other ſymptoms of a like nature com- 
mon to hyſterical people; for if an affection 
of the mind, can raiſe; an uncommon. heat 
in the face, by increaſing the action of the 
nervous, influence upon its veſſels, hence 
they are affected with, an uncommon. vibra- 
rory motion ; why may not the ſame thing 
happen in other; parts of the body, in con- 
ſequence of an irritation of their ſmall veſſels, 
or of ſome commotion of the nervous ſy- 
ſtem? and is it not probable, that the ſud- 
den ſenſations of cold, which people ſubjcct 
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to nervous complaints often feel in various 
parts of their bodies, are owing to the ſtag- 
nation or flower motion of the fluids in the 
ſmaller veſſels of theſe parts, occaſioned" by 
by the diminution or ſuſpeuſſon of "a 
oſcMatory motionW 6ñ6³ . 
Bor to return from this digreſon ; whe- 
ther the erection of the penis is effected in 
the manner above explained, or by the con- 
traction of certain muſcles compreſſing its 
veins; it is nevertheleſs; like the other 
ſpontaneous actions, owing to an irritation, 
viz. the flimulus communicated to the ner- 
vous papille of the veſieule ſeminaler and 
teſticles by the ſeed; ſince, in proportion 
to the abundance or defect of this, erections 
are ceterir paribus more or leſs frequent; 
ſtronger or weaker. Tis true, that laſci- 
vous thoughts, titillation, and other cauſes, 
often produce erections of the penis; but 
even their power of doing this, is in a great 
meaſure owing to the preſence of the ſeed. 
AN erection of the penis frequently happens 
from the bladder being full of urine, at leaſt 
is increaſed by this; which is noways 
ſtrange, 
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ſtrange, ſince the urine, by ſtretching and 
ſtimulating the coats of that organ, may 
be eaſily ſuppoſed to affect the nerves and 
veſſels of the penis, with which the bladder 
is ſo nearly connected. 


. 5. In time of coition, as ſoon as the ſeed 
is ſqueezed into the beginning or bulbous 
part of the urethra, the muſculi acceleratores 
wine which ſurround this part, are brought 
into convulſive contractions, which con- 
tinue to be repeated till the ſeed is entirely 
expelled; and that theſe convulſiye contrac- 
tions are owing to the ſemen acting as a 
ſtimulus upon this part of the urethra, can- 
not with any colour of reaſon be denied ; 
ſince their number and force are always 
greater or leſs, as this liquor is more or leſs 
in tr, or more or leſs dene 


6. By the ritilation of the ruge of ths 
vagina in time of coition, not only is tha 
uterus affected, but the rubæ fallopianæ be- 
coming rigid, ſuffer a kind of erection; at 
which time their fimbriated extremities are 
turned towards the ovaria; nor do they 

. change 
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change this ſituation till the ovurs has been 
received into their cavity, through which 
it is preſſed forward to the uterus, by the 
contraction of the muſcular coat of thoſe 
tubes; which, from the analogy of the other 
involuntary motions already explained, we 
may eaſily imagine, is excited by the avum 
as it paſſes. along their internal ſurface ; 
ſo that every ſmall portion of it, will, 
by its contraction, tranſmit the ovur to the 
ſucceeding one, till at laſt it drops into 
the cavity of the womb; in the ſame mam 
ner as the food, in a horizontal poſture, is 
conveyed, through, the Aſaphages into the 

ſtomach. LH 
TRA. the convelfied motions hof the 
muſcles of reſpirat ion in coughing and ſneez- 
ing, and of the diaphragm in the hiccup, 
are owing, to an jrritation of the ſenſible 
membrane of the noſe, windpipe, and in- 
ferior part of the gullet, is too evident to 
need any. particular proof; and this the 
rather, as theſe motions will be occaſionally 
illuſtrated in the ſequel of this Eſſay. Nor 
is it leſs true, that the motions of the pupil 
and, muſcles of the internal ear, are owing 
to 


„„ Som ©%\ „ J,y4 


— e 


other INVOLUNTARY MoT1ons, 121 


to light and ſound acting as ſtimuli on theſe 
organs: but as theſe motions, whereby the 
eye and ear are accommodated to different 
degrees of light and ſound, are more intri- 
cate and leſs generally underſtood, I ſhall 
treat of them particularly in the following 
Section. And as the alternate motion of 
the organs of reſpiration differs from the 
other ſpontaneous motions already explain- 
ed, in being ſo far under the power of the 
will, that we can accelerate, retard, or en- 
tirely (at leaſt for a conſiderable time) put 
a ſtop to it; and is a ſubject upon which a 
great deal may be ſaid, I ſhall alſo treat of 
it afterwards in a particular Section by it- 
ſelf; where its cauſe will be ſhewn to be 
entirely analogous to that of the other ſpon- 
taneous motions. 


Q SECT. 
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SECT. VII. 
To the motions of the pupil and muſcles of the 


internal ear, 


S the degrees of light to which the 

eye is expoſed, and the ſplendor of 
the objects preſented to it are various, had 
the pupil been of a determinate ſize, in- 
capable of enlargement or diminution, that 
organ would have been adapted only to 
contemplate objects in one particular degree 
of light; every thing remarkably brighter 
than this, would have dazzled it, while a 
fainter light would not have affected it ſuf- 
ficiently. Further, as the rays of light 


coming from very near objects, are much 


more divergent than thoſe from remote 
ones, had the pupil been incapable of varia- 
tion as to its extent, the eye would have 
been ill fitted for ſeeing diſtinctly at diffe- 
rent diſtances ; ſince ſuch objects alone are 
ſeen diſtinctly, whoſe images are accurately 
painted upon the middle and moſt ſenſible 
parts of the retina. ; 
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laxator or dilatator pupillæ. 
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To prevent theſe inconveniencies, and 
that the eye might be capable of receiving 


properly the impreſſions of objects in a 


great variety of lights and diſtances, that 
membrane called by Anatomiſts the ꝝvea or 
jris, which encompaſſes the pupil, is fur- 


niſhed with a double ſer of muſcular fibres, 


by whoſe contraction or relaxation, the 
diameter of this paſſage can be greatly aug- 
mented or diminiſhed. One plane of theſe 
fibres is circular, and immediately ſurrounds 
the circumference of the pupil: it may very 
properly be called the ſphinfer pupille, ſince, 
by its contraction, the pupil is leſſened. 
The other is compoſed of a number of ra- 
diated fibres, which take their riſe from the 
great circumference of the ꝝvea, where it is 
attached to the circulus albus, or union of 
the cornea and ſclerotica, and are inſerted 
into the orbicular muſcle above mentioned, 
all round the circle of the pupil, as the 
ſpokes of a wheel are into its nave, This 
plane of muſcular fibres acts as antagoniſt to 
the' orbicular one, and may be called the 


THE 
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Tae circular plane of fibres is ſo thin 
and delicate, that ſeveral authors of note 
have doubted of its exiſtence ; but in ad- 
mitting it, we are not only juſtified by the 
authority of the beſt Anatomiſts *, but by 
reaſon and analogy; ſince the equable and 
regular contraction of the pupil cannot well 
be conceived, without ſuppoſing ſome ſuch 
mechaniſm; and ſince we find the other 
paſſages in the body which are endued with 
a power of contracting themſelves, furniſhed 
with ſphincter muſcles. 

_ FukrTHnEx, although the circular and 
longitudinal fibres of the ea are ſo deli- 
cate, that their muſcular ſtructure cannot be 
clearly demonſtrated by Anatomiſts, yet 
they may be ſufficient for the performance 
of the various motions of the pupil; for we 
daily meet with inſets whoſe agility ſhew 
them to be furniſhed with muſcles, al- 
though theſe inſtruments of motion in 
them, are too minute to be diſcovered by 
the moſt ſubtile diſſector. 

— THE 
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THe figure of the pupil, as well as its de- 
grees of contraction and dilatation, are dif- 
ferent in different animals. In man the 
pupil is at all times perfectly round; in 
horſes, cows,” Cc. it is oblong and tranſ- 
verſe; and in cats in the day-time, it forms 
4 narrow chink perpendicular to the hori- 
zon, but in the dark acquires nearly a cir- 
cular figure, and becomes almoſt as large as 
the cornea. If in cats the pupil had been 
perfectly circular as in man, it could not 
well have admitted of ſo great degrees of 
dilatation and contraction, which yet are 
neceſſary to an animal which muſt ſeek its 
prey in the night- ſeaſon; at leaſt, when 
moſt contracted, its edges muſt have been 
remarkably furled, and their thickneſs great- 
ly increaſed, by being folded together in ſo 
ſmall a ſpace. Moreover, it is obſervable, 
that all thoſe animals which have the pu- 
pil of an oblong or oval ſhape, are ca- 
pable of ſeeing in a much fainter light than 
man. 

Galen, who did not allow any motion to 
the pupil, except when one of the eyes is 
ſhur, aſcribed the dilatation of the pupil of 

| the 
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the open eye, to its having the ſpirits which 
uſed to be beſtowed on both eyes, now de- 
termined into it alone, Achillinus, who flou- 
riſhed in the beginning of the ſixteenth cen- 
tury, makes particular mention of the motion 
of the pupil from different degrees of light“; 
which however was ſo little attended to, 
that its firſt diſcovery has been generally 
aſcribed to Father Pau of Venice, who lived 
about a hundred years after him f. How- 
ever, neither Father Paul, nor Aquapendente 
his cotemporary, ſeem to have known any 
thing of the manner in which theſe mo- 
tions are performed. Nor ought it to ap- 
pear ſtrange, if, before the muſcular ſtruc- 
ture of the ꝝv e was known, Phyſiologiſts 
were quite in the dark with regard to the 
pupil's motions, or if their accounts of this 
matter be altogether as wide of the truth, 
as different from each other. 
THe natural ſtate of the pupil is that of 
dilatation; for ſince the longitudinal fibres 
| of 
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of the iris are much more conſpicuous and 
ſtronger than the circular plane, they muſt, 
by their natural contraction *, keep the pu- 
pil always dilated, unleſs the Jatrer-are ex- 
cited into action by ſome particular cauſe. 

WHAT this cauſe is, could be no difficult 
matter to diſcover : for, as in a ſyncope, apo- 
plexy, or at the moment of death, when the 
eye is quite inſenſible to external objects, the 
pupil is always greatly dilated; as in the 
ſhade it is remarkably large, and always the 
more ſo, the greater the darkneſs ; while in 
a bright light it is contracted almoſt to a | 
point; it clearly follows, that the coarcta · 
tion of this paſſage is owing to the action 
of light on the eye as a ſenſible organ, and 
its dilatation to the ſuperior contractile 
power of the longitudinal fibres of the avea, 
when the eye is left to itſelf, and not affect- 
ed by any external cauſe. 

TRE pupil is contracted more or leſs in 
proportion to the quantity of light admitted 
into the eye, not on account of any imme- 
diate action of this ſubtile fluid on the fibres 

of 
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of the iris, as ſome have imagined *, but 
in conſequence of its affecting the tender re- 
tina with an uneaſy ſenſation. Hence 
whatever intercepts the rays of light ſo as 
to prevent their affecting the retina, or what- 
ever renders this membrane inſenſible to their 
action, occaſions a preternatural dilatation 
of the pupil. Thus, in a cataract, where 
the cryſtalline humour being conſiderably 
opaque, intercepts a great part of the lu- 
minous rays in their way to the retina, the 
pupil is not ſo much contracted as in a ſound 
eye. In a confirmed gutta ſerena, or per- 
fe inſenſibility of the retina, the orbicular 
muſcle of the pupil loſes its power of con- 
traction altogether, inſomuch that this paſ- 
ſage remains equally wide in the brighteſt 
ſanſhine, as in the obſcureſt ſhade. If the 
action of light on the circular fibres of the 
iris were the cauſe of their contraction, this 
ought not to happen; ſince the nerves of 
this membrane, as they have no connexion 
with the optic nerve, ought to remain e- 
qually fit for actuating its orbicular muſcle, 

| and 
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and equally ſenſible of the ſtimulus of lig ht, 
when ther etina is thus diſeaſed, as in a ſound 
eye. But if it ſhall be alledged, that in a 
gutta ſerena, the nerves of the wwea become 
ſome how paralytic, and that the immobi- 
lity of the papil is owing to this, and nor 
to the inſenſibility of the diſcaſed retina ; 
[ anſwer, that a plain experiment ſhews the 
contrary: thus when one eye is quite loft 
by a confirmed amarroſis, if the ſound one 
be covered or kept ſhut, the pupil of the dif. 
eaſed eye remains in every degree of light 
immoveable, and of the ſame ſize; bur if 
the ſound eye is expoſed to the ſun-beams, 
the pupil of the other, which ſhewed no 
motion before, will be evidently obſerved 
to contract. This contraction can only a- 
riſe from the ſympathy between the two pu- 
pils; and ſhews, that when the ſound eye 
is covered, the defect of motion in the mor- 
bid one is not owing to the nerves of the u- 
vea being any ways paralytic, but merely to 
the want of a cauſe increaſing their action 
upon the orbicular muſcle of the pupil. 
FurTH ER, if the contraction of the pupil 
proceeds from light acting as a /timmus on 
R the 
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the fibres of the iris, why does it not excite 
its longitudinal fibres equally into action as 
its circular ones? 

Wur x the head of a living cat is put un- 
der water, its pupil, which was much con- 
tracted before, is immediately greatly di- 
lated, though expoſed to the ſun-beams. If 
the contraction of the ſphincter pupillæ aroſe 
from the action of light on its fibres, this 
Phenomenon would hardly admit of a ſolution; 
ſince it does not appear that the rays of light 
{ſhould act with much leſs force upon the ii: 
of an animal under water, than in the open 
air: but, on ſuppoſition that the contrac- 
tion of the pupil is owing to the fimulus of 
light affecting the retina, it is eaſily account- 
ed for. The rays of light paſſing from air 
into the eye, through the cornea, ſuffer a 
conſiderable refraction on account of its 
greater denſity ; by which means they are 
made to approach one another fo, as by the 
refractions of the cryſtalline and vitreous 
humours, they may be collected in a point 
on the retina, But when the head of an 
animal is under water, the rays of light ſuf- 


fer little or no refraction in paſſing through 
| the 
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the cornea and aqueous humour, becauſe 
their denſity ſcarce differs from that of wa- 
ter: hence they will nor, as in the former 
caſe, be made to approach one another, 
nor will they have their focus in the retina, 
but a great way behind it ; this membrane, 
therefore will be very weakly affected by 
them, and conſequently the pupil muſt be 
dilated. In water there is a general and 
faint light diffuſed over a great part of rhe 
retina; in air all this light is collected, and 
acting on a much ſmaller ſpace, is greatly 
more vivid and ſtriking. | 

Mx. Mery indeed has given a different ſo- 
lution of this phenomenon ; but ſuch a one 
as will not give a philoſophical reader any 
very exalted idea of his knowledge either in 
phyſiology or in optics. His account of 
the matter is this. Under water, the ani- 


mal is hindered from breathing, but the 


motion of the ſpirits, to which he aſcribes 


the contraction of the pupil, depends on 


the circulation of the blood, and this again 
on reſpiration; therefore, notwithſtandiug 
the uſual action of light on the iris, the pu- 
pil in an animal under water, muſt be relax- 


ed 
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ed merely on acconnt of the interruption 
of reſpiration v. —It is moſt certain, that in 
a ſyncope, when the vital motions ceaſe, the 
pupil is dilated in air, as well as in water, 
becauſe the retina loſes its fenſibility ; but 
a cat plunged into water, does not become 
immediately inſenſible, nor does the motion 
of its heart ceaſe with that of reſpiration; 
and if a man can reſtrain breathing near a 
minute, without loſing any of his ſenfes, this 
animal, which bears the air-pump ſo long, 
muſt continue ſenſible and lively under water 
for a much longer time : add to this, that 
the cat's pupil is obſerved to be greatly di- 
lated immediately after immerſion; where- 
as, according to Mr. Mery's principles, it 
ſhould become gradually wider as the ani- 
mal languiſhes more and more. 

Stck the optic nerves and thoſe of the 
tea ariſe from different parts of the brain, 
and have no communication with each o- 
ther in their courſe to the eye, it ſeems evi- 
dent, that light affecting the retina, cannot 
excite the ſphincter of the pupil into con- 

| | traction, 
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traction, by any immediate mechanical 
change which it produces, either in the 
muſcle itfelf, or in the nerves which actuate 
it; but the uneaſy ſenſation occaſioned in 
the retina by the admiſſion of too much light 
into the eye, may ſo affect the ſentient prin- 
ciple, which is preſent and ready to act, 
where-ever rhe nerves have their origin, as 
to excite it to contract the orbicular muſ- 
cle of the avea, in order to leſſen the pupil, 
and exclude the offending cauſe. While 
the eye remains in the ſame degree of light, 
and directed towards the ſame object, the 
pupil remains invariably of an equal ſize, as 
the ſame cauſe continues uniformly to ex- 
cite the mind to determine the nervous in- 
fluence in the ſame degree into its ſphin&er 


muſcle: but no ſooner does the light become 


fainter, than the ſentient principle, being 
leſs affected, ceaſes to contract this muſcle, 
and allows the curtain of the pupil to be 
opened by the natural action of its longitu- 
dinal fibres, by which means more light 1s 
admitted into the eye. 
WHEN the eye is ſuddenly removed from 
a very faint into a bright light, a conſider- 
able 
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able dazzling, with an uneaſy ſenſation, is 
plainly perceived; and though in ſmaller 
changes this, is much leſs perceptible, yet 
it may be ſufficient to excite the mind to 
contract the pupil ſo far as may be neceſſary 
in ſuch caſes to defend the tender retina. 
Ir it be aſked, why the orbicular muſcle 
of the uwe is rather contracted than its 
longitudinal fibres, upon the admiſſion of 
light into the eye ; the anſwer is, that the 
contraction of the latter, would not tend to 
remove the uneaſy ſenſation, but to in- 
creaſe it: and ſuch is the original conſtitu- 
-tion of our frame, that the mind or ſentient 
principle is, in conſequence of certain unea- 
ſy ſenſations, inſtantly determined to pro- 
duce ſuch motions or changes in the body, 
as naturally tend to remove or leſſen them. 
Wu Ex a candle is placed before the eyes, 
if one of theſe organs is covered with one's 
hand, or an opaque body, the pupil of the 
other will be obſerved immediately to be- 
come wider. Now, as the muſcles of the 
ea of the one eye have no manner of con- 
nexion with thoſe of the other, either by 


means of nerves or blood - veſſels, unleſs it 
be 


18 
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be that the former are derived from differ- 
ent parts of the ſame brain, and the latter 
from the aorta, this conſent in their mo- 
tions muſt be altogether inexplicable upon 
mechanical principles alone : for if the ac- 
tion of light on the eye is the cauſe of the 
contraction of the pupil, why ſhould not 
the pupil of the open eye remain equally 
contracted when the ſame degree of light 
continues to act upon it; or why ſhould it 
be affected by the relaxation of the other 
pupil, with which it has no immediate con- 
nexion, while the mechanical cauſe of its 
own contraction continues to act with un- 
diminiſhed force? | 

Bu x if we allow the comration of the 
pupil to be owing to a ſentient active prin- 
ciple, which, in proportion as it is more or 
leſs affected, by the uneaſy ſenſation ariſing 
from the action of light on the retina, con- 
tracts the pupil in a greater or leſs degree; then, 
when one eye is ſhut, its retina being no more 
expoſed to the light, and conſequently the 
ſentient principle being no longer excited to 
contract the orbicular muſcle of the wvea, 


its pupil muſt be widened by the natural 
contraction 
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contraction of the ſtronger longitudinal fi- 
bres of that membrane: but as the mind has, 
from the time of birth, been always accuſ- 
tomed to contract the pupils of both eyes 
at the ſame time, the one pupil can no more 
be relaxed without the other being partly ſo, 
than one eye can be directed to the noſe, 
while the other is turned from it: for how 
much ſoever the motions of certain muſcles 
are owing to the immediate energy of the 


mind, yet it is undeniable, that, by con- 


ſtant habit, we ſoon loſe the power of moving 
them, except in a particular way; and as 
this is true of the eyes, whoſe motions are 
quite of the voluntary kind, and may be 
performed or reſtrained at pleaſure, it can- 
not with any colour of reaſon be denied to 
take place in ſuch muſcles, whoſe action 
is from the beginning independent on the 
will. 

As in the above mentioned experiment 
the pupil of the open eye is conſiderably 


relaxed, on account of the conſent of its 


motions with the pupil of the other, ſo it is 
not to be doubted, but that the pupil of the 


covered 


ſei 
le 
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covered eye is leſs enlarged than it would 
be, if no light was admitted into the open 
one: thus in a gutta ſerena, the blind eye 
has its pupil ſenſibly contraded, when the 
ſound one is expoſed to a bright light, i. e. 
the diſeaſed pupil follows in ſome degree 
the motions of the ſound one, and, by the 
ation of light upon it, is hindered from 
being ſo much relaxed as it would otherwiſe 
be. It is however probable, if a perfect 
amauroſis was to continue long in one eye 
without affecting the other, that this con- 
ſent between the pupils, as to their motions, 
would gradually become leſs remarkable, 
till at laſt the pupil of the diſeaſed eye 
would ceaſe to be leſſened almoſt in any 
degree by the action of light on the ſound 
one. 0 wit 
WHEN a candle is ſo placed as to ſhine 
full upon one eye, without any of its rays 
having acceſs to the other, the pupil expo- 
ſed to the light is obſerved to be ſomewhat 
leſs than the other; though neither of them 
is ſo much contracted, as if both eyes were 


equally affected by the light. - Hence it fol - 


8 lows, 
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lows, that notwithſtanding there is a re- 
markable uniformity between the pupils of 
both eyes as to their motions, yet they do 
not exactly keep pace, but the pupil im- 
mediately expoſed to the greateſt light is 
moſt contracted. ' And this ſerves further 
to ſhew, that when one eye is covered, the 
pupil of the open one becomes wider, from 
the conſent between its motions and thoſe 
of the darkened one; and not, as ſome 
may perhaps imagine, becauſe the mind re- 
ceiving only the impreſſion of light acting 
upon one eye, and therefore being leſs af- 
fected than when both eyes are open, makes 

4 lefs effort to exclude the light, by contrac- 
ring the pupil. The reader will, however, 
eaſily perceive, that in both ways of ex- 
plaining the above phenomenon, the neceſ- 
ſity of deducing theſe motions of the pupil 
from the mind, is equally acknowledged. 

- IF it ſhall be alledged, that the contrac- 
tion of the pupil is not owing to the action 
of light on the rerina, but on the choroid 
coat, and that the ꝝvea being a continua- 
tion of this membrane, and having its nerves 

| 2 from 


co 
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from the ſame ſource, may eaſily be ſup- 
palsd to have a remarkable ſympathy with 
it, Without entering into the diſpute, 
whether it is the retina or choroid that re- 
ceives the impreſſion of objects, and feels 
the ſtimulus of light; I anſwer, that as the 
agreement juſt now obſerved berween the 
two pupils as to their motions, cannot poſ- 
ſibly ariſe from any mechanical conſent be- 
tween them, but muſt be owing to ſome 
common PRINCIPLE in the brain; fo it is 
highly reaſonable to imagine, that the con- 
traction of the orbicular muſcle of the uvea, 
in conſequence of light being admitted into 
the eye, proceeds from the ſame cauſe, and 
not from any connexion between the choroid 
and wvea for ſuppoſing it did, why ſhould 
its circular fibres rather than its longitudi- 
nal ones be contracted ; ſince, as the latter 
are nearer to, and more immediately de- 
rived from the choroid than the former, 
one would be apt to think their ſympathy 
with it ſhould be the more remarkable. 
HAVING, as we hope, given a clear and 
conſiſtent account of the pupil's motions, 


ſo far as they are owing to different degrees 
of 
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of light applied to the eye; it may not 
perhaps be improper, briefly to point out a 
few miſtakes of ſome anthors of conſide- 
rable character, with reſpect to this matter. 
Mx. Mery, not being able to obſerve any 
circular fibres in the irit, whoſe contraction 
might account for the conſtriction of the 
pupil, endeavours to prove that this is ow- 
ing to the inflation and elongation of its 
longitudinal fibres by the animal ſpirits being 
more copiouſly derived into them; and 
that the dilatation of the pupil is owing 
ſolely to the ſpring or elaſticity of theſe 
fibres, whereby they become ſhorter when 
left to themſelves*, Bur there is no in- 
ſtance in the human body, of any muſcle 
becoming longer by a more copious deriva- 
tion of the nervous influence into it ; the 
conſtant effect of this is, to ſwell, harden, 
and ſhorten the muſcle at the ſame time. 
Nor indeed would it be eaſy to conceive 
(allowing a fingular ſtructure in the longitu- 
dinal fibres of the iris} how they could be 
fo lengthened by the influx of animal] ſpirits, 
as to reduce the pupil almoſt to a point, 
without, 

"IP Memoires acad. des ſciences 1904, edit. 8vo. p. 352. 
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without, at the ſame time, being ſo inflated 
as to make a very remarkable difference in 
the thickneſs of this membrane. 

THE ingenious M. de la Hire imagines, 
that as a bright light, by diſagreeably af- 
fecting the bottom of the eye, excites us to 
contract the pupil; ſo, in the dark, we do 
our utmoſt to dilate it, that we may ſee 
more diſtinctly“; that is, its dilatation is 
owing to an effort of the will, occaſioning 
a ſtronger action, than uſual, of the influ- 
ence of the nerves on the longitudinal fibres 
of the iris. To prove this, he ſays, that 
cats in a luminous place, when they do not 
ſeem to be taking notice of any thing a- 
round them, have their pupils almoſt quite 
ſhut} but that, as ſoon as any extraordinary 
object preſents itſelf, ſo as to draw their 
attention, they immediately, and at once, 
open their pupils conſiderably . If this be 
true, as J dare ſay it is, then cats muſt be 
allowed to have a power of dilating, and 
probably alſo of contracting their pupil at 
pleaſure, when the quantity of light applied 
to 


Memoires acad. des ſciences 1709. edit. vo. p. 121. 
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to their eyes remains the ſame ; which how- 

ever is not the caſe with men, in whom the 
wideneſs of the pupil in a ſyncope, apoplexy 
and confirmed gutta ſerena, ſhews, that, in 
order to dilate the pupil to its largeſt ſize, 
no effort of the mind is neceſſary, but only 
the ſuperior contractile power of the longi- 
tudinal fibres of the ꝝvea, when its circular 
muſcle is not excited into action by the 
ſtimulus of light on the retina, Nor have I 
ever been able to obſerve that the pupil is 
narrower in a light room, when one does 
not attend to any thing around him, and 
becomes wider. as ſoon as he looks at any 
object within a proper diſtance of the eye, 
ſo as to ſee it diſtinctly. 

THE ſame author, in conſequence I ſup- 
poſe of his above mentioned notion of the 
voluntary dilatation of the pupil, alſo al- 
ledges, that, in a bright light, when we look 
attentively at an object in order to ſee its 
ſmall parts, the pupil is not ſo much con- 
tracted as it would be by the action of this 
degree of light alone, did we make no ſuch 
effort t to ſee any thing diſtinctly“ . This, 

however, 


* Memoires acad, des ſciences 1709, edit. Bvo. p. 127, 122. 
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however, is ſo far from being true, that it 
will appear, from experiments to be men- 
tioned below, that in the ſtrongeſt light the 
pupil is leſs contracted when we make no 
effort to ſee any thing diſtinctly, than when 
we look with great attention ro a near 
object, ſo as to obſerve its minute parts. 
THE learned M. de Haller, equally doubt- 
tul of the exiſtence of the circular, and of 
the action of the longitudinal fibres of the 
zvea, deduces the contraction of the pupil 
from the ſtimulus of light affecting the iris, 
and occaſioning a greater flux of humours 
into its fine pellucid veſſels, by which means 
they are extended in length, the iris is ren- 
dered broader, and conſequently the pupil 
narrower. The dilatation of the pupil, he 
aſcribes to the aqueous humour preſſing its 
edges outward, when the powers contracting 
it, and conſequently reſiſting the preſſure 
of this fluid, are weakened *. But, if the 
contraction of the pupil was owing to the 
elongation of the veſſels of the iris, from 
the humours moving with greater force 
through them, then, in animals newly dead, 


| warm 
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warn water injected into the carotid artery, 
ſhould make the pupil contract ſenſibly. 
Further, the iris ſhould become thicker and 
its veſſels ſhould ſwell ; ſince the greater 
force of the fluids moving in them mult in- 
creaſe their tranſverſe diameter, as well as 
their length: thus when the penis is erected 
by the effuſion of blood into its cells, it be- 
comes thicker, as well as longer. Laſtly, 
as this theory ſuppoſes the contraction of 
the pupil to proceed from the action of light 
as a ſtimulus upon the ſenſible veſſels of the 
iris, it may be looked upon as ſufficiently 
confuted, by what has been offered above, 
to ſhew that it is to the action of light on 
the retina, and not on the iris, that the 
contraction of the pupil is owing *, . 
Wirn 
#* Tt has been urged as a proof of M. de Haller's opinion 
concerning the contraction of the pupil, that when the jugular 
veins were tied in a cat, the pupil became narrower +; but 
this experiment only ſhows that the veſſels of the iris as well 
as the veſſels of the conjunctiva and indeed of the whole face, 
are much diſtended, when the return of the blood from them | 
to the heart is prevented. This diſtenſion of the vellels of bu 
the iris muſt have rendered the pupil ſomewhat narrower ; » 


but co 
+ See Relationes de libris novis Gotting. 1752. tri 
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WII reſpect to M. de Haller's account 
of the dilatation of the pupil; it were ſuf- 
ficient to obſerve, that as the watry hu- 
mour, like all other fluids, muſt neceſſarily 
preſs the parts of the iris as much inwards 
toward the pupil, as outwards toward the 
cornea, it is evident it can have no effect in 
widening the pupil. Unleſs therefore this 
learned author will ſnew, contrary to the 
firſt and hitherto univerſally received prin- 
ciples of hydroſtatics, that the parts of the 
aqueous humour are not in equilibrio among 
themſelves, his opinion muſt neceſſarily fall 
to the ground. Bur further, if the dila- 
tation of the pupil was not owing to the 
natural contractility of the longitudinal 
fibres of the w ea, but merely to the preſſure 
of the aqueous humour upon its edges, when 
the power contract ing it ceaſes to act; the 
pupil ſhould, contrary to experience, con- 
tinue to grow wider for ſome time after 
death, becauſe the veſſels and fibres of the 

22 iri,, 
but this diminution of the pupil is as different from its con- 
traction occaſioned by light, as the ſwelling of the penis, in 


conſequence of a ligature made upon it, is different from a 
true erection of that member. 
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iris, becoming then remarkably more flac- 
cid, muſt be leſs able to reſiſt the ſuppoſed 
preſſure of the aqueous humour: but if the 
enlargement of the pupil, is owing to the 
natural contraction of the longitudinal fibres 
of the iris, as has been above explained, 
then it will evidently appear why the pupil 
does not become wider, but rather nar- 
rower after death, becauſe thefe fibres which 
retract its edges, gradually loſe their con- 
tractile power, and are ſomewhat lengthen- 
ed *. 
Tux accurate Vinſtonv is, I believe, the 
firſt who obſerved that the pupil becomes 
leſs after death. In ſome bodies he found 
it of a moderate ſize, in others a good deal 
more contracted, but never much dilated, 
as we know happens in a gutt ferena, ſyncope, 
apoplexy, Oc. T. The pupil, however, not 
only thus becomes narrower after death, 
but alſo ſometimes before it. 
Tavs in a boy of 5 years of age, who 
had been for ſome days comatoſe, the pu- 
th 2755 10 | pil 
See ſome farther obſervations on this ſubje in my Phyſi- 
ological Eſſays edit. 2. p. 144, Cc. 
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pil firſt became remarkably wide, and was 
not ſenſibly affected by a lighted candle 
brought very near the cornea: about 15 
hours after this, looking into his eye, I ob- 
ſerved, with ſurprize, the pupil not larger 
than in a ſound eye in a moderate light. 
AT this time having endeavoured to rouſe 
him, by holding ſpirit of  /al ammoniac. to 
his noſtrils, and making him ſwallow ſome 
cinnamon water with P. volat. oleoſ., the 
pupil was thereby ſuddenly dilated, and be- 
came as wide as it had been the evening 
before. After half an hour, he fell into a 
greater degree of ſtupor, and his pupil be- 
came remarkably leſs as above, and remain- 


ed equally fo in all degrees of light; but 


upon applying ſpirit of ſal ammon. to his 
noſe, it was quickly enlarged, ſo as to occu- 
py two thirds of the cornea. This experi- 
ment I repeated four times in the ſpace of 
two days, and always with the ſame ſucceſs. 
During moſt of this time, this child's pulſe 
was ſtrong and full, When his head was 
opened after death, there were found im- 
mediately below the corpus calloſum, about 
two ounces of water. 

FROM 
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FRou this remarkable hiſtory, it ſeens 
manifeſt, that the dilatation of the pupil 
ſoon after the coming on of the coma, was 
owing to the compreſſion of the ha/ami ner- 
vorum opticorum, by the water collected in 
the brain, which rendered the rctina inſen- 
ſible of the ſtimulus of light, Soon after, 
the origin of the nerves of the ve begin- 
ning to be compreſſed by the growing col- 
lection of lymph, the longitudinal fibres of 
this membrane loſt their power of contrac- 
tion, and became flaccid, almoſt as in dead 
bodies; whefice the edges of the pupil were 
leſs retracted. The volatile ſpirits applied 
to the olfactory nerves, by giving a ſhock to 
the whole brain and nervous ſyſtem, in ſome 
degree opened the obſtructed nerves of the 
vea, ſo as to allow their influence to be 
derived into its fibres, the neceſſary. conſe- 
quence of which was the dilatation of the 
pupil. But as ſoon. as the effect of this ſli- 
mulus was over, the influence of their nerves 
being again intercepted, the longitudinal 
fibres of the uwe were relaxed, and there- 
fore the pupil was leſs dilated. As theſe 


different ſtates of the pupil were more re- 


markable 
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markable in the left than in the tight eye, it 
is probable, that one ſide of the:medullary 
ſubſtance of the brain was ſomewhat more 

compreſſed than the other. Laſtly, ſince, 
after the pupil was enlarged: by the :/timulus 
of the volatile ſpirits, the eye ſt ill remained 
wholly inſenſible to the action of light, it 
is reaſonable to think, that the preſſure 
upon the origin of the optic nerves was 
greater, than upon that of the nerves of the 
uuea. an 01 Al! | 


2. THE motions. of the pupil are not 
only neceſſary to adapt the eye to diſſerent 
degrees of light, but alſo to the diſtinct vi- 
ſion of objects at different diſtances. Thus 
if a book which one can caſily read at the 
diſtance of two feet, is gradually brought 
nearer the eye, till the letters can be no long- 
er diſtinguiſhed, the pupil will be obſerved 
to become narrower in proportion: as the 
book approaches the eye. Again, if one 
looks firſt to a candle two or three feet diſ- 
tant, and, immediately after to the point 
of a quill, or any ſuch object, within five or 
ſix inches of the eye, and nearly in the ſame 

direction 
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direction with the candle, the pupil will be 
ſenſibly contracted: now, as the ſame quan- 
tity of light from the candle, ſhines upon 
the eye in theſe two caſes, the greater con- 
traction of the pupil in the latter caſe, can- 
not be owing to the light more ſtrongly 
affecting the retina, but to an effort of the 
mind to ſee the object more diſtinctly. This 
is {till further confirmed by the following 
experiment - Jet one with his back to the 
light, firſt look to an object of a lively 


colour at the diſtance of three or four feet 


from his eyes, and afterwards to a dark one 
at the diſtance of five or ſix inches, and the 
pupil will be obſerved to become ſenſibly nar- 
rower when he looks at the near object, altho' 


the quantity of light reflected from it is leſs, | 


Hence the learned Dr. Jurin ſeems to be 
miſtaken when he ſays, that in a faint light 
the pupil is ſo far from contracting in order 
to diſtin& viſion, that there is rather a ne- 
ceſſity of dilating it in order to take in 

more light *; for in a faint light the pupil 

is always obſerved to be wider, when we 
>. K look 


* _ on diſtin and indiſtinct ** at the end of Smith's 
Optics Pe 145+ 
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look at an object three or four feet from the 
eye, than when it is placed ſo near it, as 
to be ſeen indiſtinctly. 

Tu E neceſſity of the contraction of the 
pupil when we look at near objects in order to 
render viſion more diſtin, is eaſily under- 
ſtood ; for as in near objects the divergency 
of the rays is much greater than in diſtant 
ones, and as thoſe rays only ſerve for di- 
ſtinct viſion, which do not diverge much 
from the axis of each pencil, the pupil muſt 
be contracted, in order that the uſeleſs or 
diſturbing ones may be excluded. The 
contraction therefore of the pupil in view- 
ing near objects, is not ſolely owing to the 
ſpiſſitude of the rays reflected from them, 
as Plempins, and others after: him, have 
thought“, but chiefly to an effort of the will 
in order to diſtin viſion: in like manner, 
when we look at remote objects, the pupil 
not only becomes wider, becauſe the rays are 
thinner, and conſequently their light fainter, 
but alſo becauſe its hincter muſcle, on ac- 
count of the weakneſs of the light, is not near 


ſt 


* Plemp. opthalmogr. lib. 3. cap. 8. and Haller. comment. 
in inſtitut. Boerhaav. ſect. 5 36. 
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ſo much contracted in order to diſtinct vi- 
ſion, as when we view objects which are 
placed at a leſs diſtance from the eye, than 
the limit of diſtinct viſion. 

Ix viewing diſtant objects, the pupil is 
not widened by any effort of the mind, bur 
its ſiae is chiefly determined by the quantity 
of light applied to the eye, which, as it is, 
ceteris paribus, fainter in diſtant than in near 
objects, muſt occaſion a ſmall degree of di- 
lation in the pupil, when we contemplate 
the former: but in looking at any thing 
nearer the eye, than that diſtance at which 
we ſee diſtinctly, and with the greateſt eaſe, 
the contraction of the pupil is principally 
owing. to a voluntary exertion of the mind's 
power in order to render viſion more diſ- 
tinct; and but in a very ſmall degree, to 
the ſtronger and more vivid light, which 
the object, on account 7 iti vicinity, reflects 
upon the eye “. 

Maitre 


* Altho' the learned Dr 8 has quoted this para- 
graph in ſuch a manner (particularly by leaving out thele 
words, on account of its vicinity) as to ſind ground for cen- 


ſure; (a) yet its truth is clearly proved by the following eaſy 


experiment. If, while one looks ſtedfaſtly at a ou at the di. 
| | ſtance 


(a) See his treatiſe one the eye, vol. 2. p. 171. 


Ld 


other INVOLUNTARY MoTIoNS. 153 


Maitre Jan has, by a wonderful miſtake, 
aſſerted, that the pupil is leſſened when we 
look at diſtant objects, and enlarged when 
we behold near ones; and is at great pains 
to ſhew the uſefulneſs of theſe motions to 
diſtinct viſion. But his reaſoning on this 
head is extremely weak, and ſcarce conſiſt- 
ent with any tolerable knowledge of optics *. 

THE author of the Eſſais de piyſigue, has 
fallen into an error no leſs inconſiſtent with 
the laws of viſion, when he affirms, that the 
images of objects in the bottom of the eye, 
are greater or leſs, as the pupil is more or 
lels dilated; and hence accounts for the 
ſun's appearing much larger when he firſt 
gets above the horizon, than at mid-day, 
when his greater ſplendor makes the pupil to 
be more contracted F, Burt if this were ſo, 

U objects 


ſtance of three feet from the eye, another pin be placed in the 
ſame right line in the axis of viſion, within three or four inches 
of the eye, the pupil will not be ſenſibly leſſened, although 
more rays enter the eye from this near pin than from the more 
diſtant one; but as ſoon as the perſon views the near pin, the 
pupil will be evidently contracted in order that it may be ſeen 
more diſtinctly. 

* Maladies de 1'c2il. chap. viii. & xxl. 

+ L. Anatome d'Heiſter, avec Eſſais de phyſique, edit. 2. p. 
703. 
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objects ought to appear always largeſt in the 
fainteſt light ; which we do not find con- 
firmed by experience. Further, ſince the 
image of any object is formed by the union 
of the pencils of rays that flow from each 
point of the object in correſpondent points 
of the retina, it is evident, that its mag- 
nitude depends on no other circumſtances, 
but the real magnitude of the object, and 
its real diſtance from the eye“. The dif- 
ferent ſize of the pupil may, agreeably to 
what has been obſerved above, affect the 
luſtre and accuracy of the ſeveral points of 
the image, but cannot alter their diſtance, 
becauſe the axis of the ſeveral pencils, and 
their angles of inclination, continue the 
ſame, whatever is the bulk of the pupil. — 
Any one may ſatisfy himſelf at once, by 
an eaſy experiment, that the contraction 
and dilatation of the pupil cannot alter the 
bulk of the image of any object formed on 
the bottom of the eye; for the picture which 

is 
lt is not affirmed, that the apparent magnitude of ob- 
jets depend on the circumſtances here mentioned alone; for 


we are well aware, that experience, the known diſtance of ob- 
jects, and other things, have great influence in this matter. 


| 
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is made by a common /ens on a ſheer of pa- 
| per, will be found to ſhrink or ſwell, when 
greater or leſſer concentric portions of the 
lens are covered. 

As we have already ſeen, that the pupil 
cannot be ſo much contracted by the action 
of light alone on the eye, as when, along 
with this, there is an effort of the will to 
ſee a near object more diſtinctly; ſo the pu- 
pil cannot, by any effort, in order to diſtinct 
viſion, be as much leſſened in a faint light 
as in a bright one. Thus, if one with his 
back to the windows of a.room, brings a 
ſmall printed book ſo near his eyes, that he 
cannot, without ſtraining, diſtinguiſh the 
letters; upon turning his face quickly to 
the light, he will be able to read with little 
difficulty “; becauſe, by the action of the 
ſtronger light on the retina, the pupil is im- 
mediately leſſened, and therefore its power, 
to prevent the diſſipation of the rays, and 
conſequently indiſtinct viſion is increaſed. 
Hence neither the ſingle effort of the mind 
to avoid indiſtin& viſion, nor a vivid light 


alone, 
* See Dr Jurin's eſſay on diſtin and indiſtinct viſion, 
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alone, can contract the pupil to its leaſt 
ſize, that is, not ſo much as when both theſe 
cauſes of its contraction are united. 

Ix infants, but more eſpecially in ſuch as 
are newly born, the pupil is obſerved to be 
wider in proportion to the breadth of the 
iris, than in grown people, when the eyes of 
both are expoſed to the ſame degree of 
light » 1. becauſe in fetuſes and new-born 
children, the cornea being thicker, leſs tran- 
ſparent, flatter, and not ſufficiently ſtretch- 
ed, on account of the ſmall quantity of a- 
queous humour *, the retina is leſs affected 
by the rays of light, which are neither free- 
ly tranſinitted to, nor properly collected 


upon it ; and, 2. becauſe ir is probable 
| that 


* Memoires acad, tes ſciences 1727. edit, $00. p- 348, 
349. and 350. 

+ It has been objected to this, that if in infants viſion is 
indiſtinct, on account of the cornea being thicker, flatter, and 
leß tranſparent in them than in adults, their pupil ought not 
to be wider, but more contracted in order to yender viſion 
more diſtin f. But as the above mentioned differences be- 
tween the eyes of new-born infants and thoſe of grown per- 
ſons do really take place, the greater wideneſs of the pupil in 

the 


4 See Dr. Porterfield's Treatiſe on the eye, vol. 1. p. 170, and 171. 


A oz wwe oS as 
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that they want, in a great meaſure, the fa- 
culty of contracting the pupil, in order to 
the more diſtinct viſion of near objects, which 
ſeems, like the uniform motions of the eyes, 
to be partly acquired by habit. The 
cauſes, therefore, to which the contraction 
of the pupil are owing, being weaker in 
new-born infants than in adults, it is no 
wonder that this paſſage appears more di- 

lated in the former than in the latter. 
IN old people the pupil becomes leſs move- 
able, becauſe the vetina grows leſs ſenſible of 
the 


the former than in the latter ſhews the fallacy of this reaſon- 
ing; and at the ſame time demonſtrates, that the eyes being 
full and plump, or much diſtended with the aqueous and other 
humours, cannot be the cauſe of the wideneſs of the pupil in 
new · born children; as the learned Dr. Porterfield would make 
us believe ||: On the contrary, as Petit has obſerved, the 
cernea which is a good deal flat at birth, becomes after- 
wards more prominent, by the increaſe of the quantity 
of the watry humour. I ſhall only add, that when objects 
are not clearly ſeen, becauſe the rays of light are not 
tranſmitted to the rina, on account of an opacity: of the cry- 
ſtalline, watery humour, or cornea, the pupil is not contracted 
to remedy this defect, as it is, when objects are ſeen indiſtinctly, 
on account of their being placed either too near, or too far 
from the eye. | 90 | 

| Porterfields Treatiſe on the eye, vol. 1. p. 163. 
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the ſtimulus of light, and the muſcular fibres 
of the iris loſe in part their contractile 
power: further, in old age, the cornea, on 
account of the decreaſe of the aqueous, hu. 
mour, loſes its brilliancy ; whence the reting 
will be leſs affected by light, and conſequent- 
ly the pupil would become wider, were it 
not that this is more than compenſated by 
the diminiſhed elaſticity of the longitudi- 
nal fibres of the wvea. and by the eye be- 
coming leſs, in conſequence of a diminution 


of the quantity of its humours, whence the 


diameter of the circulus albus, to which the 
uvea is attached, being leſſened, the aper- 

ture of the pupil muſt become narrower. 
Tn E motions of the pupil from light, dif- 
fer from thoſe which are performed in order 
to render viſion leſs indiſtinct; ſince the for- 
mer are owing to an uneaſy ſenſation af- 
fecting the retina; whereas the latter ariſe 
from an act of volition, or effort of the will 
in order to the more diſtin& viſion of ob- 
jects at certain diſtances, The former are 
of the ſame kind with the contraQtion of 
the diaphragm in the hiccup and in vomit- 
ing, of the muſcles of reſpiration in * 
ö and 
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and of the acceleratores urine in expelling the 
ſemen. The latter agree with the motions 
of the cryſtalline, by which the eye is 
adapted to fee diſtinctly at different diſtan- 
ces, and with the uniform motions of the 
eyes in looking at objects. The firſt are al- 
ways neceſſary and independent of the will; 
but the ſecond are plainly voluntary, and 
can be reſtrained if we pleaſe, though they 
are often not attended with conſciouſneſs 
of volition. 
Is looking at near objects, the pupil is 
leſſened, at the ſame time that the cryſtal- 
line humour is brought forward towards the 
cornea, by the contraction of the ciliary 
proceſſes; but when we contemplate more 
diſtant ones, the contraction of the ciliary 
proceſſes and orbicular muſcle of the wvea 
ceaſing, the cryſtalline returns to its natural 
ſituation, and the pupil to that ſize to which 
it is fixed by the quantity of light applied 
to the eye. Theſe motions though both 
voluntary, yet come to be ſo connected by 
habit, that we cannot perform them ſepa- 
rately; nay, as often as we direct our eyes 
to any near object, the motion of the cry- 
ſtalline 
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ſtalline and contraction of the pupil natural- 
ly go along, and are performed in ſuch a 
degree, as is moſt proper to procure diſtinqt 
viſion at that particular diſtance: nor can 
we ſeparate theſe three motions ; although, 
as they are all voluntary, they may be re- 
ſtrained or performed at pleaſure. 

THe pupil differs from the anus, neck of 
the bladder, and other paſſages guarded by 
ſphindters, in being always dilated when 
nothing adventitious acts on the eye, while 
the lacter, left to themſelves, are conſtantly 
contracted; the reaſon of which is, that the 
natural and equable contraction of the lon- 
gitudinal fibres of the wvea, which ſerve to 
dilate the pupil, is ſtrongeſt, while the con- 
trary holds true of the other paſſages now 
mentioned, whoſe ſphindter muſcles have 
either no proper antagoniſts, or ſuch as are 
much weaker than themſelves. Further, 


after death, when theſe /phin@ers are re- 
laxed, and conſequently their paſſages ren- | 


dered more patent, the pupil becomes ſenſi- 
bly leſs, becauſe the longitudinal fibres of 
the iris, to whoſe contraction its dilatation 


was owing, loſe their contractile power, 
| grow 
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grow flabby and longer. Hence we fee, 
that at death the eye-lids remain partly 
open, for the ſame reaſon that the pupil is 

leſſened after it. 1 5 
Ir, from any cauſe, the longitudinal fibres 
of the uvea are rendered quite paralytic, 
while its circular muſcle retains its uſual 
power, the pupil will, by the natural con- 
traction of the latter, be at all times very 
much contracted, ſo that in a bright light 
it will become little leſs than in the ſhade. 
If the circular, as well as longitudinal fibres 
of the irzs, are entirely paralytic, the pupil 
will be altogether deſtitute of motion, and 
much in the ſame ſtate that it is ſome time 
after death, i. c. it will be generally as much 
contracted as the pupil of a ſound eye is in 
a moderate degree of light. If the muſcu- 
lar fibres of the iris are not wholly deprived 
of their contractile; power, but greatly 
weakened, the pupil in a dark place will 
have its edges a little retracted by the action 
of the lohgirudinal fibres; and in a bright 
light will be ſomewhat leſſened by the con- 
traction of the circular ones; but theſe mo- 
123 tions 
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in 4 ſound eye. 
IN all the caſes now mentioned, the if. 
eaſe called by H ppocrates, and others among 
the ancients, tuparoric, will happen, i. e. the 
patient will ſee in the day-time, but in the 
twilight and night-ſeaſon, he will not be 
able to diſtinguiſh objects. An inſtance of 
this I had lately occaſion to fee in a young 
man of about 27 years of age, who had 
ſerved for ſome time in the navy, lere he 
had been expoſed to much fatigue and cold: 
his eyes appeared ſound; nor could 1 ob- 
ſerve that they differed from the eyes of 
other people, excepting that the pupil had 
very little motion: it remained always Pretty 
narrow, and was neither remarkably con- 
tracted by light, nor dilated in the dark. 
This perſon ſaw well enough in the day- 
time, eſpecially if the weather was ferene; 
but in the twilight, or in an obſcure place, 
was ſo far from diſtinguiſhing objects, that 
he could ſcarcely find his way : as his 
pupil had ſome motion, it is probable, that 
the fibres of rhe irit were not quite paralyric, 
bi greatly debilitated : his ſeeing in 
the 
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the day-time ſhewed, that the retina was 
either wholly, or in a great meaſure, ſound ; 
and that his blindneſs in a faint light, was 
owing to the pupil's: not being dilated ſo as 
to admit a ſufficient quanticy of rays into 
the eye. ks 1-1 

Is, after an inflanymation FP; dhe; iris, a 
rigidity is left on its circular or longitudi- 
nal fibres, the pupil will be deprived, either 
wholly, or in a great meaſure, of its uſual 
motions; and may be either too much con- 
tracted, or greatly dilated: if the former, 
the patient will only ſee well by day; if the 
latter, the eye will not be able to bear 2 
bright light, and therefore the patient will 
ſee beſt in the ſhade and by candle light; 
i. e. he will labour under the diſeaſe called 
WLTAAWTH &e 
| ALTHOUGH in an amauroſis che — 77 is 
generally very wide, yet this is not always 
the caſe; for as often as the fibres of the 
udea are entirely deprived of their contractile 
powers, the, pupil appears as much or rather 
more contracted than in a ſound eye. Of 
this I ſaw an inſtance, not long ago, in a 


woman who was almoſt totally blind of 
both 
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bath eyes, where there was no opacity in the 
cornea or cryſtalline humour, but only a 
want of motion in both pupils. The pupil 
of the right eye was immoveable, and al- 
ways as much contracted as it ſhould have 
been in a moderate light; the other was 
dilated, as is uſual in a gutta ſerena, but 
when expoſed to the light ſeemed to con- 
tract a very little. By means of this eye 
ſhe diſcerned light from darkneſs, but could 
not diſtinguiſh objects: with the other eye 
ſhe ſaw nothing. 

In this patient both eyes ſeem to have 
been affected with a gutta ſerena; in the 
right eye the retina was not only inſenſible, 
but the muſcular fibres of the ꝝ,wea muſt 
have been quite paralytic, whence the pupil 
remained always moderately contracted, as 
IWinſlow has commonly obſerved it ſome- 
time after death“. In the left eye the re- 
tina, though conſiderably diſeaſed, was not 
. wholly deſtitute of feeling, and the fibres 
of the ea ſeem to have been ſound and 
poſſeſſed of their uſual contractile power. 


0 


Memoirs acad. fciences 1721, edit. 870. p. 416. 
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Of the motions f the muſcles of the internal 
car. 


8, without the motions of the pupil, 

the eye would have been ili contrived 
for viſion in different degrees of light, and 
at different diſtances; ſo theear would have 
been unfit for hearing diſtinctly a diverſity 
of ſounds, were not ſome of its parts ca- 
pable of various degrees of tenſion. A mu- 
ſical chord, of a determinate length and 
tenſion, can only vibrate harmonically with 
one particular ſound ; if therefore there was 
no mechaniſm, by means of which the 
membranes of the zympanum and feneſtra 
ovalis could be more or leſs ſtretched or re- 
laxed, they could only be harmonically af- 
fected by one ſound ; which, therefore, alone 
would be heard diſtinctly, and all others 
more or leſs confuſedly. To prevent this 
inconveniency, the malleus is furniſhed with 
three muſcles, and the ſtapes with one; by 
the various contractions of the former, 
the membrane of the tympanum, and by 
means of the latter, the membrane of the 


feneſtra 


«4-7 - 


mechaniſm, the ear is rendered ſenſible of 
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Feneſtra ovalis, is rendered more or leſs tenſe, 


and fo accommodated to almoſt all poſſible 
founds. E - 3 
Ir may well appear wonderful, how the 


cats ſhould be ſo exactly adapted by the va- 


rious contractions of theſe muſcles, to ſuch 
a vaſt variety of ſounds; but with what ex- 
quiſite {kill and amazing wiſdom, is every 
thing in the animal frame adjuſted 
As the ſtimulus of light upon the retina, and 
the ſenſation of indiſtinctneſs in near ob- 


jects, excite the mind to contract the pupil, 


ſo the Jeſs diſtin tremor of different ſounds, 


affecting the auditory nerves, is the cauſe 


of the ſubſequent contractions of the muſ- 
cles of the internal ear; for no ſooner does 
the mind perceive the firſt indiſtin&, noiſe 
of any ſound, but it inſtantly. contracts 
ſond of the above maſcles, ſo as moſt nicely 

to adapt to it the membranes of the m- 
panum and feneftra ovalir: if the ſound be 


acute, theſe membranes are juſt as much 


ſtretched as is neceſſary for their vibrating 
harmonically with it; if it be flat, they are 
duly relaxed: and thus, by a moſt ſimple 


the 
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the ſmalleſt variations of ſound or difference 
of notes in muſick, As infants ſeem, by 
habit, to acquire a faculty, or at leaſt a 
greater dexterity of adjuſting their eyes, by 
the motions of the pupil and oryſtallise hu- 
mour; to the various diſtances of objects iſo 
it is not altogether improbable, that they 
may at firſt hear lefs diſtinctly, till, by de- 
grees, they come to acquire a power of : 
readily aceommodatiug their ears more ex- 
actly to different ſounds. And is not the 
want of an EAR (as it is uſually called) ow- 
ing to a deſiciency of this power“? While 
that exquiſite diſcernment of muſical ſounds, 

which many poſſeſs, ſhews, that they can 
adjuſt their ears to different notes with the 
greateſt accuracy. | n 
Tnar the motions of the muſcles of che 
internal ear proceed from the mechanical 
action of ſound or vibrating air on their 
fibres, the analogy of the motions of the 
pupil forbids us to believe. Further, if this 
was the caſe, why ſhould not all the muſcles 
of 


* This may ariſe either from a leſs degree of ſenſibility in 
the auditory nerves, or of agility in the muſcles of the ear, or 
from both. 
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of the malleus be equally contracted by the 
ſame ſound? And why ſhould thoſe which 


ſerve to ſtretch the membrane of the drum, 


be excited into motion by acute ſounds, 
while the muſcle which relaxes ir, is only 


brought into action by grave ones? —As 


brute animals upon the firſt perception of 
any noiſe, turn their external ears towards 


the place from whence it comes, ſo, at the 


ſame time, they adapt their internal ear to 


it; the firſt of theſe motions cannot be de- 


nied to flow from their ſentient principle 


actuated by the ſound; why then ſhould we 


doubt that. the latter proceeds from the 
ſame cauſe? + es TR 
THE motions of the muſcles of the inter- 
nal ear in conſequence of various ſounds, 
are not only unattended with any con- 
ſciouſneſs of volition, but are altogether 
involuntary, for we cannot move them ex- 


cept when ſound ſtrikes the ear, nor hinder 


them to act when it does. 


SECT. 


| 
| 
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SECT. VIII. 


Of the alternate motions of reſpiration. 


ESPIRATION is that action whereby 
a certain quantity of air is alternately 
received into the lungs and expelled out of 
them: it conſiſts of inſpiration and expira- 
tion. Inſpiration, or the reception of air 
into the lungs, is owing to the contraction 
of the intercoſtal muſcles and dlaphragm, 
whereby the cavity of the zhorax is both 
lengthened and widened ; for as the lungs, 
together with the heart, Mc. perfectly fill the 
cavity of the breaſt, and as their exterior 
ſurface is every where contiguous to the 
pleura and diaphragm *, it neceſſarily follows, 
Y that 


* Some authors, I know; contend, that the lungs are not 
contiguous to the pleura, and that, in the "ſpace between 
them, there is contained, what they call internal air, the uſe 
of which in reſpiration, they are at great pains to ſhew ; but 
the arguments, upon which this opinion is founded, are no 
ways concluſive, and might be eaſily refuted, were it hot 
foreign to our preſent deſign ; nor is the authority of the ac- 


curate Morgagni here of any weight , ſince the beſt Anatomiſt 
may 


Adverſat. anat. 5. animadvet. 33: . 4. 
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that when the diaphragm, by its contraction, 
deſcends, and the ribs, by the action of the 
intercoſtal muſcles, are raiſed, the lungs muſt 
follow them, and conſequently the external 


air muſt ruſh in by the g/ozzis, to fill the va- 
cuity that would otherwiſe happen in the 


cavity of the cheſt. 

INSPIRATION being thus performed, the 
inſpiratory muſcles are relaxed, upon which 
the ribs by the renitency of their elaſtic 
cartilages return to their former ſituation, 
and the diaphragm, by the reaction of the 
ſtretched peritoneum, pericardium, and ab- 
dominal 'muſcles, is puſhed up inro the 
thorax ; whoſe cavity being therefore dimi- 
niſhed, the air contained in it, muſt be ex. 


pelled by the gtorns x. 
Is 


may be deceived in making a fingle experiment, and ſince we 
have the repeated experiments of fome of the. greateſt Ana- 
tomiſts againſt him; nay in every dead body, where the in- 
teguments and intercoſtal muſcles are carefully taken off, the 
lungs may be ſeen contiguous to the pleura. 


* While the cavity of the thorax is leſſened by the cauſes 
here mentioned, the muſcul ar fibres of bronchia, by their 


contractile power, contribute to the wg of the air out 


of the lungs. 


. TS {=&=TRFOS EY "gr 
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In order to account then for the alternate 
motions of reſpiration, it is only neceſſary 
to ſhew, why the intercoſtal muſcles and 
diaphragm are alternately contracted, and 
relaxed, ſince their contraction occaſions in- 
ſpiration, and their relaxation allows the 
elaſtic force of the cartilages of the ribs, Oc. 
to produce expiration . But as Mr. Bre- 
ond has, in the memoires of the acad. of 
ſciences for 1739, favoured us with a ſet of 
pretty extraordinary experiments, which, he 
thinks, clearly prove, that the lungs are not 
paſſive in the affair of reſpiration, but are 
endued with a power of dilating and con- 
tracting themſelves, independent of the mo- 
tions of the 7horax; it will be neceſſary, 
before we proceed any further, to ſhew, how 
far this ingenious Gentleman has been de- 
ceived ; and that the lungs have really no 

proper 
. * If any one doubts of both rows of intercoſtal muſcles 
conſpiring to pull up the ribs, he need only compare what 


IWlinſlow-bas ſaid on this bead (anat. ſect. 2. N® 1057, 1058, 
1059.) with the courſe and direction of theſe muſcles in a 
freſh ſubject, or if that cannot be had, with the elegant figures 
of them publiſhed by Dr. Hoadly at the end of his lectures 
on reſpiration. N 
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proper alternate motion of their own, but 
follow the motions of the cheſt, 

Or the experiments related by Mr. Bremond, 
the following are the moſt remarkable. 


1. AFTBR a wound made in the zhorax of 
a dog, the lungs, inſtead of collapſing, con- 
tinned to be contracted and dilated alter- 
nately, but their motions were aſynchronous 
to thoſe of the thorax; for when the ribs 
were depreſſed, a ſmall portion of the lungs 
was thruſt out at the wound with a conſi- 
derable force“. 


2. AFTER making an opening in the 
breaſt, and breaking four or five of the ribs, 
the lungs continued for ſome time to be al- 
ternately expanded and contracted ; and 
iſſued, always, out at the wound, when the 


thorax collapſed F. 


3. AFTER three ligatures were made 
upon the zrachea of a dog, and the thorax 
was opened, the alternate motions of the 


lungs 
* Memoires acad. des ſciences 1739, edit. 8yo, p. 463. 
and 465. + Ibid. p. 464- and 465. 
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lungs were obſerved to go on very briſkly ; 
but they appeared to be dilated, and iſſued 
out at the wound when the cheſt was con- 
tracted, and vice verſa *, 

However difficult it may be thought, 
at firſt ſight, ro account for the appearances 
in theſe experiments, yet it is eaſy to ſhew, 
that the lungs cannot poſlibly be endued 
with a power of expanding themſelves, in- 
dependent of the dilatation of the zhorax, 
as Mr. Bremond ſeems to think, after Plate» 
rus, Sennertus, and others, who in this fol- 
lowed the doctrine of the Arabian phyſicians. 

As the lungs are compoſed of an infinite 
number of veſicles and cellular interſtices 7, 
which are partly made up of elaſtic. con- 
tractile fibres, tis eaſy to perceive that when 
diſtended with air, they muſt endeavour to 
reduce themſelves to their former bulk; but, 
ſuppoſing the veſicles of the lungs empty and 

collapſed, 


Memoires acad. des ſciences, p. 468. 

+ The reader may eaſily ſee, that our reaſoning here is of 
equal force, whether the lungs are ſuppoſed entirely cellular, 
with Helvetius d. or partly veſicular partly cellular, with Vin- 
foo +: \ 

* Memoires acad. des ſciences 1717, edit. 8yo. p. 30. It. Cr. 

Anatomie, ſeRt, ix. No. 205. 100. 105. 
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collapſed, by what mechaniſm can they 
expand themſelves, or where are the anta- 
goniſt muſcles that can overcome the natu- 
ral contraction of their fibres? All the hol- 
low muſcles of animals are continually en- 
deavouring to contract, nor can they be di- 
lated by any mechaniſm of their own: thus 
the bladder of urine, which may aptly e- 
nough be compared to a ſingle veſicle of the 
lungs, ſpontaneouſly: contracts itſelf, when 
the urine is evacuated, and would for ever 
remain in this ſtate, were it not dilated by 
the urine following anew into it. In the 
ſame manner the ſtomach and inteſtines, 
which are hollow muſcles, have nothing 
in their ſtructure by which they can expand 
themſelves: they are ever endeavouring to 
arrive at their leaſt capacity, and are only 
prevented by the aliment, air, and other 
fuids contained in them. It follows, there- 
ſore, that the pulmonary veſicles and cells, 
which are compoſed of elaſtic contractile 
ſibres, cannot poſſibly be dilated by any 
power or action of their own. 

Bux further, if Mr Bremond's experiments 


prove any thing, the lungs have not only 
2 
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a power of inſpiring air by the rrachea; but, 
although this fluid is denied its uſual acceſs 
by the gits, can expand themſelves alter- 
nately, notwithſtanding the preſſure of the 
atmoſphere upon their external ſurface re- 
ſiſting ſuch expanſion; which is much the 
ſame as if one ſhould affirm, that a bladder 
perfectly empty, with a tight ligature about 
its neck, could, by its own proper power, 
ſwell and overcome the preſſure of the ex- 
ternal air. 

HAv IN ſhewn that the lungs cannot 
poſſibly be endued with a power of expand- 
ing themſelves, it remains, that we now 
inquire, to what cauſes their apparent mo- 
tiqns, in Bremond's experiments, were owing. 

In the two firſt experiments above men- 
tioned, when the cavity of the tharar was 
eularged by the action of the inſpiratory 
muſcles, a ſmall portion of air would be re- 
ceived by the glottis into the lungs. of the 
wounded fide : but as this could bear no 
greater proportion to the air entering by 
the wound, than che aperture of the g/ortis 
did to this opening, the ribs would at that 
me 
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time recede from the lungs, which there- 
fore would ſeem to ſubſide.— When the 
thorax collapſed, the air contained betwixt 
the ribs and the ſurface of the lungs eſca- 
ping by the wound, the lungs would ſoon 


become contiguous to the ribs, and even 


part of them would be puſhed our at the 
opening, not only on account of the con- 
vulſive contraction of the zhorax ſqueezing 
the lungs much more than in ordinary ex- 
piration, bur partly from the ſmall quanti- 
ty of air received by the glottis during the 


former inſpiration, and not yet wholly ex- 


pelled, which being rarified by the heat of 
che lungs, muſt conſiderably increaſe their 
bulk. | | R £0 
THe apparent contraction therefore of the 
lungs, when the dogs endeavoured to in- 
ſpire, remarked by Bremond in his experi- 
ments, is wholly to be aſcribed to the en- 
largement of the zhorax, which at this time 
riſes from the anterior ſurface of the lungs; 
while they, following the diaphragm now 
ſtrongly drawn down towards the abdomen, 
really recede from the ſtermm. And if, du- 


ring expiration, upon the ribs being depreſ- 
ſed 
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ſed, and the diaphragm being forcibly 
thruſt up into the cavity of the breaſt, by 
the ſtrong convulſion of the abdominal muſ- 
cles, the lungs really appeared to ſwell, and 
ſome portion of them was even forced out 


at the aperture made in the zhorax ; yet 


this ought not to be attributed to an expan- 
ſion of the lungs happening at this time, 
but rather to the ſubſiding of the ribs and 
the protruſion of the diaphragm into the 
cheſt, whoſe cavity being therefore greatly 
diminiſhed, the lungs (in ſome. degree in- 
flated) not only fill it, but being preſſed on 
all ſides, are thruſt out at the wound, where 
there is leaſt reſiſtance; as ſoft clay, leaven 
or ſuch like ſubſtances hen ſtrongly ſquee- 
zed in the hand, are forced through the 
interſtices between the fingers. 

Bur further, while the zhorax is wounded 
only on one fide, the lung of the other 
fide continues to follow the motions of the 
cheſt as uſual, and to be alternately inflated 
with air ruſhing into it by the glorris *: 
when therefore, during expiration, the air 
is forcibly expelled out of this lung, 'altho? 

* the 
Higßmore diſquiſit. anatom. p. 188. | 
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the greateſt are of it eſcapes by the glorriy, 
yet, ſince fluids preſs equally every way, 
ſome part muſt enter the large branches 
of the trachea which belong to the lung of 
the wounded fide, and conſequently dilate 
it; and this the more remarkably, as the 
animal in howling contracts its g/ortis more 
or leſs, and fo renders the egreſs of the air 
through it more difficult ; hence, during 
expiration, this lung will appear to ſwell 
conſiderably, and part of it will be puſhed 
out at the opening in the zhorax, not only 
as its cavity is at this time greatly leſſened, 
but as the lung itſelf is really in ſome de- 
gree inflated : *cis plain however, that even 
this inflation is owing to the contraction of 
the zhorax forcing the air out of the lung 
of the ſound ſide. 

Tx1s is further confirmed by an-obſerva- 


178 


tion of Dr. Houſton, who tells us, that when 


the dog howled, his lungs burſt our at the 
wound, but when he was ſilent, they reti- 
red within the thorax*; and ſeems to be 
put beyond doubr, even by an experiment 
of Bremond's own making, in which altho', 
| after 

* Philoſophical Tranſactions abridged, vol. 9. p. 141. 
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after making an opening into one ſide of the 
thorax, and breaking three or four ribs, the 
lungs were puſhed out at the wound, every 
time the breaſt was contracted; yet, as foon 
as the anterior part of the thorax and fer- 
num were raiſed, and both fides of the breaſt 
thus haid open, the lungs inſtantly collapſed, 


and remained fo without any motion, not- 


withſtanding the heart, ribs and diaphragm 
continued their alternate motions for ſome 
time“. | 

DR. Highmnore, who ſpeaks of the number 
of his experiments made upon dogs, in or- 
der to ſatisfy himſelf concerning the manner 
in which refpiratzon is performed, as having 
almoſt threatened the entire deſtruction of 
that ſpecies of animals, obſerves, that when 


both ſides of the thorax had large wounds 


made in them at once, the lungs always 
collapſed : nay there is not one of the 
many experiments related by Bremond him- 
ſelf, in which the lungs were puſhed out of 
the thorax, when both ſides of it were opened. 

IT 


®* Memoires acad. des ſciences, 1739, edit. 8yo. p. 464. 
+} Diſquiſit. anatom. p. 188. 
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IT muſt be owned indeed, that, in two 
experiments of the Baron Van Swieten, the 
lungs did oe collapſe, after both ſides of the 
thorax were perforated, but were protruded 
through the apertures, during expiration“. 
However, it is to be obſerved, that the 
wounds ſeem to have been but ſmall ; ſince 
he afterwards adds, that when the opening 
in each fide of the zhorax parallel to the 
ribs, was half an inch or more in length, 
the animals quickly died. Further, while 
the animals lay quier, the lungs kept with- 
in the cavity of the breaſt, and were only 
thruſt out of the wounds, when, on account 
of pain, they made great efforts; and ſince 
in ſtraining, or any violent motion of our 
muſcles, we always contract the glottis, and 
retain the inſpired air in the zhorax, it is 
more than probable, that the eruption of 
the lungs through the wounds, in expira- 
tion, was owing to the air being retained 
in them while the zhorax collapſed. Laſt- 
ly, the Baron V an Swicten obſerved, that 
during inſpiration the orifices of the wounds 
became leſs patent, by the ribs being drawn 

nearer 

Comment. in Boerhaav. aphor. tom. 1. p. 221. 
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nearer one another, ſo that a leſs quantity 
of air would enter by them, and a preater 
proportion by the glo77is: hence the lungs 
did not collapſe; as always happened in 
Highmore's experiments, when very large 
openings were made at the ſame time in 
both ſides of the thorax ; but when a hol- 
low tube, whoſe aperture greatly exceeded 
that of the glottia, was introduced into the 
wound of each fide, the lungs inſtantly ſub- 
ſided, reſpiration ceaſed, the voice failed, 
and the dog ſeemed to die “. 

WrrTH regard to the phenomena, in expe- 
riment 3d above mentioned, it ought to be 
obſerved, that the lungs in a natural ſtate, 
equally fill the cavity of the zhorax in inſpi- 
ration and expiration ; if therefore we ſup- 
poſe the lungs to have been in a middle ſtate 
of diſtenſion, when Mr. Bremond made his 
ligatures on the zrachea, their bulk muſt 
have been conſiderably leſs than the cavity 
of the thorax when moſt enlarged, but at 
the ſame time greater than this cavity when 
the cheſt is violently contracted: ſo that 
we ought not to be ſurpriſed, if, upon the 


elevation 
* Co mmentar, in aphoriſm. Boerhaav, tom, 1. p. 271. 
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elevation of the ribs and depreſſion of the 
diaphragm 1n inſpiration, the lungs appear- 
ed to ſubſide, and no longer filled the tho- 
rax, or if, upon the conſtriction of the breaſt 
in expiration, they ſeemed to ſwell, and 
part of them was puſhed out at the wound. 
Bur though we ſuppoſe the zrachea to 
have been tied during inſpiration, yer ſince 
Bremond found, notwithſtanding the liga- 
tures, that after the dog's death, a ſmall 
quantity of air blown forcibly through the 
trachea paſſed into the lungs, it is not im- 
probable that the diaphragm and ribs 
ſtrongly ſqueezing the lungs in expiration, 
had forced out part of the air contained in 
them through the wind- pipe, ſo as to have 
reduced them to a moderate ſtate of expan- 
ſion. | 
LasTLY, if we ſhould ſuppoſe the liga- 
tures to have been made even about the 
end of expiration, yer the air remaining in 
the lungs, being rarified by their hear, 
would ſoon increaſe their bulk to ſuch a 
degree, as that, when the zhorax was great- 
ly contracted. part of them muſt neceſſari- 


ly be puſhed out at the wound. Perhaps 
| alſo, 
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alſo, during the enlargement of the thorax, 
a {mall quantity of air might, notwithſtand- 
ing the ligatures, be received by the trachea 
into the lung of che ſound fade, which, up- 
on expiration, would be chiefly puſhed into 
the lung of the wounded ſide, ſince its e- 
greſs by the glotti would be very difficult, 
on account of the ligatures on the 7zrachea, 
THhaT the apparent motions of the lungs 

in the above experiments of Bremond, were, 
in fact, chiefly owing to the motions of the 
thorax, particularly to the alternate depreſ- 
ſion and aſcent of the diaphragm, an expe- 
riment related by this writer himſelf muſt 
convince us; for we are informed by him, 
that the abdomen of a living dog, being laid 
open, and a hole made in the fleſhy part of 
the diaphragm on the left ſide, the lung of 
this ſide inſtantly collapſed, and remained 
without any motion, although the thorax 
continued to be alternately dilated and con- 
tracted for a conſiderable time *. Now, 
if the lungs were endued with a power of 
expanding and contracting themſelves, why 
did the lung. of that fide, where the dia- 
phragm 

* Memoires acad. des ſciences, 1739, edit. 8vo, p. 471. 
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phragm was perforated, immediately col- 
lapſe and ceaſe to move? Beſides, does not 
this experiment ſhew, that the apparent 
motions of the lungs, and their egreſs by 
the wounds, were chiefly owing to their be- 
ing alternately puſhed up into the cavity 


of the zhorax, when the diaphragm was re- 


laxed ? That the aſcent of this muſcle into 
the cheſt, by the convulſive contraction of 
the abdominal muſcles, eſpecially when the 
dogs attempt to howl, contributes much 
more to the apparent ſwelling of the lungs 
and their iſſuing out of the hora during 
expiration, than the falling of the ribs, is 
evident from another experiment of Bremond, 
who obſerved theſe motions of the lungs to 
continue, although, with his hands, he for- 
cibly hindered the ribs of the wounded fide 
from moving, and conſequently from preſ- 
{ing the lungs alternately “. 

Bremond always obſerved, that when the 
ribs were elevated, the lungs appeared red, 
but became paler when the cavity of the 
breaſt was diminiſhed 4. The lungs being 


no 


* Memoires acad. des ſciences 1739, p- 482. 
T Ibid, P- 483. | 5 
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no longer preſſed while the thorax was en- 
larged, admitted the blood from the right 
ventricle of the heart more readily into all 
their veſſels; but being ſtrongly compreſſed 
by the aſcent of the diaphragm and depreſ- 
ſion of the ribs, this blood muſt in part be ex- 
pelled; when of courſe they become paler. 
WHarT has been ſaid above, may ſerve 
alſo to ſhew how far Mr. Heriſſant is miſta- 
ken, when, from ſome experiments of a like 
nature with thoſe of Bremond, he concludes, 
that the apparent alternate dilatation and 
contraction of the lungs in animals whoſe 
thorax is laid open, is owing, ſolely, to the 
blood puſhed into the pulmonary artery by 
the right ventricle of the heart, which, by 
dilating and unfolding all its branches and 
ramifications, muſt make the whole ſub- 
ſtance of the lungs ſwell, and cauſe the air 
to ruſh into their veſicles by the glottis *, — 
If this account of the matter were juſt, the 
alternate ſwelling and falling of the lungs 
would be very inconſiderable, and ought to 
_ correſpond with the contraction and dilata- 
tion of the heart; which however is not the 


Aa calc. 
* Hiſtoire acad. des [ſciences 1743, edit. 8vo, p. 103. 
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caſe. Beſides, it ought not to be obſerved 
at all, when the paſſage of the air into the 
veſicles of the lungs is obſtructed by liga- 
tures made on the zrachea, contrary to what 
happened in Bremond's experiments. 

Tn vs much being premiſed, to ſhew that 
the lungs have not properly 'any inherent 
power by which they can alternately contract 
and dilate themſelves, but that, in ordinary 
and healthful reſpiration, they always fol- 
low the motions of the Horax, we proceed 
next to inquire, by what power or mecha- 
niſm, inſpiration and expiration alternately 
ſucceed each other, or why the intercoſtal 
muſcles and diaphragm are contracted and 
relaxed by turns, as long as life remains. 

TRE learned Boer haave, in order to ac- 
count for the alternate motions of the ho- 
rax in reſpiration, ſuppoſes, thar, at the 
end of inſpiration, the blood is tranſmitted 
in ſmaller quantity to the left ventricle of 
the heart, ſince the pulmonary veſſels muſt 
be conſiderably compreſſed by the lungs, 
which, at that time, are greatly diſtended 
with air: hence he conceives, that not on- 


ly leſs blood will be diſtributed to the inter- 
coſtal 
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coſtal muſcles and diaphragm, bur, alſo, that 
the influence of their nerves muſt be wea- 
kened ; as the ſecretion of the ſpirits in the 
cerebellum muſt be diminiſhed, when a ſmall- 
er quantity of blood is puſhed into its veſ- 
ſels by the heart: the cauſes, therefore, 
which are ſuppoſed to contract the inſpira- 
tory muſcles, being weakened at the end 
of inſpiration, theſe muſcles will be over- 
come by the natural reſilition of the elaſtic 
cartilages of the ribs, together with the re- 
action of the abdominal muſcles, gc. i. e. 
expiration mult neceſſarily follow ; but no 
ſooner does the blood, by the motion of 
the lungs in expiration, flow in a more plen- 
tiful ſtream to the left ventricle of the heart, 
than the cauſes actuating the inſpiratory 
muſcles begin to be increaſed ; whence theſe 
muſcles are contracted anew, i. e. inſpira- 
tion is produced, to which, for the rea- 
ſons above mentioned, expiration muſt neceſ- 
farily ſucceed ; and in this way the alter- 
nate motions of the cheſt in reſpiration are 
carried on through the whole of life “. This 
theory, it muſt be owned, is very ingeni- 
ous, and has an air of ſimplicity which can- 


nor 
* Boerhaave inſtitut. med. 5 619 & 620. 
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not fail to recommend it; but if ſtrictly in- 
quired into, will be found altogether in- 
ſufficient to account for the alternate mo- 
tions of the zhorax, or to anſwer the pheno- 
mena of reſpiration, For, 


I. Ir at the end of inſpiration the interco- 
ſtal muſcles and diaphragm were relaxed, on 
account of the ſmaller quantity of blood and 
ſpirits then diſtributed to them, why ſhould 
not the heart, which alſo receives its nerves 
from the cerebellum, be affected in the ſame 
way? If the ſecretion of vital ſpirits were 
diminiſhed, on account of leſs blood's flowing 
from the lungs to the left ventricle of the 
heart at the end of inſpiration, how could 
the pulſe be then equally ſtrong as at the 
end of expiration ? which however is the 
caſe, as far as our ſenſe of feeling can deter- 
mine. But, 


2. ALTHOUGH we ſhould grant, that at 
the end of inſpiration the blood flows in a 
ſmaller ſtream to the left ventricle of the 
heart, yet it will by no means follow, that 
the cerebellum will ceaſe to ſupply the vital 

7 | organs 
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organs with ſpirits ſufficient for their av 
ternate motions; ſince we know, that 
after both the carotid arteries have been 
tied in a dog, the motions of the heart and 
reſpiration went on in the ordinary way, 
while in the mean time the cerebrum and 
cerebellum were deprived of more than one 
half of the blood uſually beſtowed upon 
them *. 1 
3. AFTER the lungs have been kept for 
ſome conſiderable time in a collapſed ſtate 
by an effort of the will, the inſpiratory muſ- 
cles are no ſooner left to themſelves, ' than 
immediately they contract, and produce a 
new inſpiration ; which, however, could not 
poſſibly happen if Boerhaave's theory was 
true, ſince, in this caſe, the blood muſt flow 
with more than ordinary difficulty through 
the pulmonary veſſels, and conſequently the 
cauſes actuating the inſpiratory mulcles muſt 


=. 


be greatly weakened f. : 
| | Bur, 
* Van Swieten comment. in Boerhagv. aphor. vol. 1. 
P · 266. 


+ This argument muſt conclude with the greater force, 
. ſince even Boerhaave himſelf allows, that the blood paſſes 
| lels freely through the lungs when they are collapſed than 
8 when 


190 O theVrirtar and 


Bu r, 4. The inſufficiency of this account 
of reſpiration, is demonſtrated beyond doubt, 
by the experiments of Highmore and Bre- 
mond, who tell us, that, after both ſides of 


the thorax were laid open, the diaphragm 
and intercoſtal muſcles continued their al- 
ternate contractions for a long time altho? 
the lungs were collapſed and without mo- 
tion *. Here we find the motions of inſpi- 
ration and expiration continued in the Ho- 
rax, while the lungs remained always in the 
ſame ſtate, and when there was no cauſe 
which could make the blood flow alter- 
nately through the pulmonary veſſels with 
greater or leſs eaſe, nor conſequently render 
the inſpiratory muſcles alternately paralytic, 
through a defect of blood and ſpirits. 

: 5. LasSTLY 


when they are inflated. © Pulmone per aerem diſtento, ſan- 
« guini pulſo ex cordis dextro thalamo, latiora vaſa arterioſa, 
c“ et venoſa, minus reſiſtunt, tranſitum expediunt; faciunt 
« ut omnis ille rapiatur eo quam celerrime ventriculum 
6“ finiftrum verſus: collapſus idem vix per arteriam pulmona- 
« lem impleri poteft liquore impulfo ; inflatus per vaſa 
« aerifera, facile ſanguiferorum impletionem patitur.“ Boerb. 
inftitut. med. 5 200. No 2. 


* Highmore diſquiſit. anat. p. 185. et Memoires acad. des 
ſciences 1739, edit. 8vo. p. 464. 467, 468. 
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5. LasTLY, The various phenomena of 
reſpiration, in the air-pump, diſeaſes of the 
head, aſthma, and in melancholy people, are 
not to be accounted for from Boerhaave's 
theory, and are alone ſufficient to overturn 
it : but of this more afterwards. 

THE late ingenious Dr. Martine, aware of 
the difficulties attending Boerhaave's account 
of reſpiration, has propoſed the alternate 
compreſſion of the phrenic nerves at the 
end of inſpiration, as the cauſe which, at 
that time, renders the diaphragm paralytic, 
and conſequently produces expiration: he 
ſeems indeed to doubt, whether the alter- 
nate preſſure of the inflated lungs on the 
poſterior part of the pleura, can, at the end 
of inſpiration, intercept the influence of the 
nerves belonging to the intercoſtal muſcles 
which lie behind it: but as the phrenic 
nerves run between the lungs and pericardi- 
um, and are only covered by the thin medi- 
aſtinum, he thinks, that, at the end of inſpi- 
ration, when the lungs are much diſtended 
with rarified air, theſe nerves muſt un- 
doubtedly ſuffer ſuch a remarkable compreſ- 
ſion, as to render the diaphragm to which 


they 


=. 
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they are diſtributed paralytic *. But this 
account of the motions of reſpiration, how- 
ever ingenious, will be found {till more de- 
fective and leſs ſatisfactory than Boerhaave's, 
which we have already rejected. 


1. TH1s account of reſpiration muſt at 
beſt be allowed to. be defective, as it does 
not inform us how the intercoſtal muſcles 
come to be alternately contracted, as well 
as the diaphragm. —— It is by no means 
probable, that the nerves of the intercoſtal 
muſcles can ſuffer any more compreſſion 
than uſual at the end of inſpiration ; nor 
would it ſerve the Doctor's purpoſe to ſup- 
pole they do, ſince he ſeems to agree with 
thoſe who are of opinion, that the two or- 
ders of intercoſtal muſcles are antagoniſts 
to one another, and conſequently are con- 
tracted at different times. 

2. SINCE the Doctor allows, that during 
inſpiration the nerves become rather freer 
from compreſſion, why ſhould not the dia- 
phragm remain contracted, and conſequently 


the lungs continue in their moſt expanded 
ſtate? 


* Edinburgh Medical Eſſays, vol. 1. art. 12. 
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ſtate? He ſays indeed, that the inſpired 
air, rarified by the heat of the breaſt, and 
not finding an exit free or wide enough by 
the g/ortis, will at this time preſs more upon 
the veſicles and membranes of the lungs; 
which preſſure muſt be communicated to 
the phrenic nerves running along the peri- 
cardium, and which are covered only by the 
mediaſtinunt. 

Bor ſurely the rarefaction of the inſpired 
air at the end of inſpiration, is not ſo re- 
markable or ſudden, but that it can iſſue 
faſt enough out by the aperture of the g/or- 
tir, to preſerve it in equilibrio with the ex- 
ternal air: beſides, as inſpiration does not 
immediately follow expiration, but after a 
ſhort pauſe, ought not the air contained in 
the lungs at the end of expiration to be ra- 
rified, and ſo produce the fame effect, by its 
preſſure upon the veſicles of the lungs and 
phrenic nerves, as at the end of inſpiration ? 
The Doctor, it is true, ſeems to have been 
aware of this; and therefore ſuppoſes, that, 
at the end of expiration, the contractile 
fibres and membranes of the lungs, will, by 
their reaction, prevent, in ſome meaſure, 

B b | the 
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the inflating air from preſſing with its whole 
force on the phrenic nerves. But will not 
this hold equally true at the end of inſpi- 
ration? and will not the elaſtic fibres and 
membranes of the lungs react with much 
greater force when they are remarkably 
ſtretched by inſpiration, than when they 
are conſiderably relaxed at the end of ex- 
piration? As the lungs, therefore, both in 
expiration and inſpiration, equally fill the 
cavity of the zhorax, the compreſſion which 
the phrenic nerves ſuffer from them, will 
be pretty much the ſame at the end of ex- 
piration, as in a ſtate of full inſpiration ; and 
_ conſequently the difference of this preſſure 
cannot account for the alternate motions of 
the diaphragm ro which they belong. 

3. IF, at the end of inſpiration, the phre- 
nic nerves ſuffered ſuch compreſſion from 
the inflated lungs, as to render the dia- 
phragm paralytic, how comes it to paſs, 
that, after a full inſpiration, we can, by an 
effort of the will, keep this muſcle, for a 
conſiderable time, in a ſtrong ſtate of con- 
traction, and thus hinder expiration from 
following inſpiration? 


4. FURTHER, 
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4. FURTHER, in one of Mr. Bremond's 
experiments, where the lungs remained col» 
lapſed and without motion, and conſequent- 
ly where the phrenic nerves muſt have been 
expoſed to an equal degree of compreſſion, 
the intercoſtal muſcles and diaphragm con- 
tinued to be alternately contracted and re- 
laxed for above a quarter of an hour “. 

5. THAT the motions of reſpiration vary 
according to the quantity or quality of the 
blood thrown into the pulmonary artery, to 
the free or difficult paſſage it meets with 
in the veſſels of the lungs, and to the heat 
or coldneſs, rarity or denſity of the air, 
are circumſtances of great truth and im- 
portance, but utterly inexplicable * this 
theory. 

6. LasTLY, No 2. 3. 4. and 5. of the 
arguments mentioned in Sect. II. to ſhew 
that the alternate motions of the heart can- 
not be owing to the compreſſion of the 
nerves, are here of equal, yea of preater 
force; for the ſoft and ſpungy lungs are 
much leſs capable, even when inflated, of 

compreſſing 


* Memoires acad. des ſciences T7 397 p. 468. 
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compreſſing the nerves, than the firmer ar- 
teries and auricles of the heart. 

THe various opinions of other writers, I 
ſhall not ſtay to enumerate, much leſs un- 
dertake to refute ; but proceed to give an 
account of the motions of the zhorax, which 
it is hoped will tend equally to explain the 
appearances obſerved in reſpiration, whether 
the lungs and other inſtruments concerned 
in it, be in a natural or diſeaſed ſtate. 


I. DurING inſpiration and expiration, 
the blood finds an eaſy paſſage through the 
veſſels of the lungs, as by their alternate 
inflation and contraction, it is preſſed for- 
ward to the left ventricle of the heart. 
After inſpiration is completed, it begins to 
flow with more difficulty; and at the end 
of expiration (if inſpiration does not ſoon 
ſucceed) its motion is {till leſs free. After 
expiration, therefore, the blood, on account 
of its difficult paſſage through the pulmo- 
- nary veſſels, is partly accumulated in them, 
and, by ſtretching their ſenſible fibres and 
membranes, acts as a ſtimulus upon the pul- 
monic nerves, occaſioning an uneaſy ſenſe 
of 
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of fulneſs, ſtoppage, or ſuffocation in the 
breaſt, which is more or leſs remarkable, ac- 
cording to the time during which reſpira- 
tion is ſtopt, the capacity of the pulmo- 
nary veſſels, and the quantity of blood 
thrown into them by the right ventricle of 

the heart, | 
THAT a ſtimulus affecting the heart and 
alimentary canal, ſhould be the cauſe of 
their alternate contractions, as we have 
ſhewn above, is no ways improbable, the ir- 
ritating cauſe being applied immediately to 
the organ to be moved; but that the dia- 
phragm and intercoſtal muſcles ſhould be 
brought into contraction, by a ſtimulus ac- 
ting upon the lungs, may at firſt appear 
ſomewhat extraordinary, though, upon fur- 
ther conſideration, we may aſſure ourſelves 
of the certainty of the fact, from the ſtrong- 
eſt and juſteſt analogy, — Thus, for ex- 
ample ; if a few drops of water, or any other 
liquor, by an accident in ſwallowing, fall 
into the zrachea, the diaphragm and inter- 
coſtal muſcles are inſtantly brought into ac- 
tion, and continue to be agitated with al- 
ternate contractions and relaxations, till the 
ſtimulating 
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ſtimulating cauſe is removed. — Apain, if 
a thin humour ſecreted in too great quanti- 
ty, by the veſſels and glands of the bronchia, 
diſtills upon the veſicles of the lungs, alter- 
nate convulſions of the diaphragm, inter- 
coſtal and abdominal muſcles enſue ; which 
are repeated over and over again, till the 
irritating cauſe is leſſened or expelled. — In 
a true peripneumony alſo, when, by reaſon 
of an obſtruction in the pulmonary arteries, 
the blood paſſes through the lungs with 
great difficulty, a ſhort cough is almoſt a 
conſtant ſymptom. Is it not therefore rea- 
ſonable to infer, that a leſs remarkable /t;- 
mulus or uneaſy ſenſation in the veſſels of 
the lungs, will be followed by gentler con- 

tractions of the inſpiratory muſcles? 
AFTER expiration is finiſhed, the blood 
beginning to be accumulated in the lungs, 
will, not only by its quantity ſtretching 
their veſſels, bur alſo by its heat, occaſion 
an uneaſy ſenſation, that is, act upon theſe 
parts as a ſtimulus ; in canſequence of which 
the diaphragm and intercoſtal muſcles are 
contracted, and inſpiration is performed ; by 
which the hlood being not only cooled by 
the 
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the external air, but irs paſſage being alſo 
promoted towards the left ventricle of the 
heart, the ſtimulus or uneaſy ſenſation ceaſes: 
hence. theſe muſcles are relaxed ; and conſe- 
quently, by the reaction of the cartilages 
of the ribs, and the ſtretched abdominal 
muſcles, c. the cavity of the zhorax is leſ- 
ſened, i. e. expiration is performed; which, 
on account of the diſagreeable ſenſation 
which begins to be felt in the lungs, is ſoon 
ſucceeded by a new inſpiration. 
ALTHOUGH, in ordinary breathing, we 
are but little ſenſible of this uneaſineſs, a- 
riſing from the difficult paſſage of the blood 
through the lungs after expiration is finiſh- 
ed; yet if one attends to it, and reſtrains 
inſpiration for ſome time, it becomes very 
perceptible: and as in aſthmatic patients, 
the laborious contractions of rhe inſpiratory 
muſcles are, beyond all queſtion, owing to 
an anxiety and ſenſe of ſuffocation in the 
breaſt ; ſo it is highly reaſonable to think, 
that in healthful people, the gentler ſtimulus 
of the warm blood accumulated in the pul- 
monary veſſels, is the cauſe of ordinary in- 
ſpiration. 
FURTHER, 
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FURTHER, a variety of phenomena concur 
to perſuade us, that the blood acting as a 
a ſtimulus on the veſſels of the lungs, after 
expiration, is the cauſe of the ſucceeding 
contraction of the diaphragm and interco- 
ſtal muſcles. Thus we obſerve, that as the 
blood flows in greater or leſs quantity through 
the lungs, inſpiration and expiration more 
quickly or ſlowly ſucceed each other. Hence 
in a ſmart fever, the breathing is much 
quicker than in health *, when one lies a- 
bed; and every one knows how remark- 
ably both the pulſe and reſpiration are acce- 
lerated by violent exerciſe. _—. Though the 
quantity of blood flowing through the 
lungs remains the ſame, yer if its heat and 
bulk be increaſed, reſpiration becomes more 
frequent: hence in bagnios, and in the 
warm ſummer's air, we breathe oftener, than 
in our common rooms, and in more tempe- 
| rate 
® In fevers, we ſometimes meet with a very quick pulſe, while 
yet the breathing ſeems to be ſcarcely quicker than in health; 
but in ſuch caſes, the pulſe is ſmall and quick, and conſequent- 
ly the quantity of the blood paſſing through the lungs may be 
very little more than in health; when, altho' the motion of the 


heart be much ſlower, yet it throws out more blood at every 
contraction. 
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rate ſeaſons. — Again, when any obſtruction 
happens in the pulmonary veſſels, which 
renders the paſſage of the blood through 
them more difficult than in health, re- 
ſpiration is more laborious and more fre- 
quently repeated: hence the quick breath- 
ing in peripneumonies, and other diſorders 
conſequent upon the lungs being obſtructed. 
If a portion of the lungs be rendered uſe. 
leſs, or be wholly conſumed by an ulcer, the 
patient is ſhort-breathed and ſubject to 
aſthmatic fits, upon the leaſt fatigue, or 
upon any increaſe of motion or rarefaction 
in the blood. | | 
SINCE therefore it appears, that the mo- 
tions of reſpiration are, cezeris paribus, al- 
ways proportional to the quantity of blood 
thrown into the pulmonary veſſels, and 
its eaſy tranſit through them, this fluid 
ought undoubtedly to be eſteemed the cauſe 
which excites, regulates and continues 
theſe motions: and ſince reſpiration is 
more frequent and laborious, when a leſs 
quantity of blood paſſes with greater diffi- 
culty through the lungs, than when a lar- 


ger ſtream flows through their veſſels with 
Cc more 
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more eaſe ; theſe increaſed motions of the 
thorax cannot be owing to the inſpiratory 
muſcles being more plentifully ſupplied with 
blood and ſpirits, but muſt proceed from 
the ſtimulus or uneaſy ſenſation accompany- 
ing the difficult paſſage of the blood thro? 
the pulmonary veſſels, or its ſtagnation in 
them. And does not this plainly ſhew, 
why blood-letting gives more ſpeedy relief 
in fits of difficult breathing, than any other 


remedy ? 


2. IF it be aſked, how a ſtimulus or un- 
eaſy ſenſation in the lungs can affect the in- 
ſpiratory muſcles, with which they ſeem to 
have no immediate connexion ; I anſwer, It 
were eaſy to aſcribe this effect to a ſympathy 
between their nerves ; a phraſe indeed of- 
tener uſed than well underſtood ! bur as the 
pulmonic plexus has no greater connexion 
or communication with the phrenic nerves, 
and thoſe which ſupply the intercoſtal muſ- 
cles, than with the nerves of the ſtomach, 
inteſtines and other abdominal viſcera, which 
are no ways affected by the gentle fi- 


"ulus of the blood as it paſſes through the 
XS pulmonary 
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pulmonary veſlels ; I think we cannot fairly 
aſcribe the motions of the inſpiratory muſcles 
to any ſympathy proceeding from a con- 
nexion or communication between their 
nerves and thoſe of the lungs. Further, as 
the nerves of the inſpiratory muſcles and 
lungs, moſt certainly, do not terminate pre- 
ciſely in the ſame part of the brain, but 
probably in places ſomewhat diſtant from 
each other, any ſympathy that obtains be- 
tween them, as proceeding from one com- 
mon origin, muſt be owing to SOMETHING 
equally preſent in theſe ſeveral places, i. e. 
to the mind or ſentient principle : for with- 
out ſuppoſing ſome percipient BEING in the 
brain, how can an irritation of the extre- 
mities of the nerves, taking their riſe from 
one part of that organ, occaſion a more than 
ordinary derivation of ſpirits into ſuch 
nerves as have their origin from a different 
part? If external objects act on the nerves 
only, by putting a ſtop to the equable pro- 
greſſion of their fluids, or by exciting ſome 
vibratory motions in them, how can any of 
theſe occaſion, not only a more copious de- 
rivation of ſpirits through the nerves thus 


affected, 
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affected, but alſo through a variety of other 


nerves with which they have no connexion, 
and whoſe riſe is from a different part of 
the brain? The ſympathy, therefore, or 
conſent obſerved between the nerves of va- 
rious parts of the body, is not to be ex- 
plained mechanically. but ought to be a- 
ſcribed to the energy of that ſentient BEING, 
which in a peculiar manner diſplays its pow- 
ers in the brain, and, by means of the nerves, 
moves, actuates, and enlivens the whole 
machine. N 
Bor further, if the ſympathy obſervable 
between different parts of the body, be 
wholly owing to the connexion or commu- 
nication of their nerves, how comes the 
pupil to be contracted by the action of light 
on the retina, when the nerves of the dea 
have not only no communication with the 
optic nerve, but ariſe from a pretty diſtant 
part of the brain? or, if there were ſome 
general ſymparhy between the nerves, why 
ſhould not the longitudinal fibres of the ꝝvea 
be contracted, as well as the orbicular ones, 
and ſo the coarctation of the pupil be pre- 
vented? If the alternate contractions of the 
inſpiratory 
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inſpiratory muſcles were owing merely to 
their receiving a few nervous twigs from the 
intercoſtals, which furniſh the plexus pulmo- 
nicus, why is not the heart and alimentary 
canal equally affected with them, by a fi- 


mulus or uneaſy ſenſation in the lungs? why 


are not the intercoſtal muſcles as much con- 
yulſed in vomiting as the diaphragm and 
abdominal muſcles? and why, upon an ir- 
ritation of the membrane of the noſe and 
trachea, are not the abdominal muſcles con- 
tracted, till the inſpiratory muſcles begin to 
be relaxed? Theſe queſtions will ſcarce be 
anſwered ſatisfactorily, upon any ſcheme of 
ſympathy depending wholly on the com- 
munication or connexion of nerves ; but 
have no difficulty in them, if the motions 
now mentioned be referred to the mind or 
ſentient principle. 

WHEN, therefore, in conſequence: of a 
diſagreeable ſenſation in the lungs, ariſing 
from the difficult paſſage of the blood thro? 
their veſſels ſoon after expiration is finiſhed, 
the inſpiratory muſcles are contracted; we 
are not to aſcribe this to any unknown 
ſympathy acting mechanically upon theſe 

muſcles 
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muſcles or their nerves; but to the MIND 
or ſentient principle, which being affected 
by the uneaſy perception in the lungs, is 
thereby excited to increaſe the action of 
the nervous influence upon the intercoſtal 
muſcles and diaphragm ; by which the ca- 
vity of the zhorax being enlarged, and the 
lungs inflated with freſh air, the diſagree- 
able ſenſation in them is removed ; and con- 
ſequently the extraordinary contraction of 
the inſpiratory mulcles ceaſes: hence, by 
the reaction of the elaſtic cartilages of the 
ribs, abdominal muſcles, G. the cavity of 
the thorax is leſſened, i. c. inſpiration is na- 
turally followed by expiration ; which again 
muſt ſoon be ſucceeded by a new inſpira- 
tion, on account of the particular ſenſation 
which begins to ariſe in the lungs. 


3. Ir does not appear, that any effort of 
the mind or ſentient principle is neceſſary to 
expiration; for this naturally takes place as 
ſoon as the muſcles of inſpiration ceaſe to 
act. The reaction of the cartilages of the 
ribs and ſtretched pericardium and peritone- 


um, are wholly owing tor the claſticity of 
the 
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the parts, and not to any muſcular contrac- 
tion or additional force communicated to 


them at this time; nay, the reaction of the 


abdominal muſcles in expiration, ſeems to 
be pretty much of the ſame kind; although 
it is not improbable, that the extenſion of 
their fibres, by the depreſſion of the dia- 
phragm in inſpiration, may, as a very gentle 
ſtimulus, excite in them a true muſcular con- 
traction *, However, this irritation prompt- 
ing the abdominal muſcles to contract at 
the end of inſpiration, muſt be very incon- 
ſiderable, and in no ways like the convulſive 
motions brought on other muſcles by a 
ſtimulus; ſince, when they are greatly 
ſtretched by a very full inſpiration, we do 
not find any difficulty in preventing their 
contraction, or in moderating it as we 
pleaſe ; while, on the contrary, in vomiting 
their motions are alrogether convulſive and 
amo A 


* The ſame thing may be ſaid of the ſternocoſtal muſcles, 
which are generally thought to pull the fernum and carti- 
lages of the ribs downwards and backwards in expiration, 
but which ſeem NI if at all, to act in ordinary and gentle 
expiration. 


1 * 5 p 
- Y a 4 4 Y 


* 
uw 
1 


De 


. 


Pr 


=— 


i 


>. OE 


Y=: PR. | Wadi IZLE 


—— — RY: 


r a e 
ed 3 [ — 


208 Of the VITAL and 


involuntary. Further, the thorax of dead 
animals being in a full ſtate of expiration 
ſhews that this is brought about, after all 
muſcular action ceaſes, by the mere elaſtic 
force of the parts. Nor is it any objection 
here, that when air is blown into the 7horax 
of a dead body, expiration is performed 
more ſlowly than in a living one; becauſe, 
by the cold and total ſtagnation of the 
fluids, the parts not only become more 
rigid, and the articulations of the ribs 
leſs moveable, but the inſtruments of ex- 
piration loſe, in a good meaſure, their elaſtic 


power. 


LasTLy, the phenomena obſervable in co- 
matous patients, and which we ſhall here- 
after take notice of, ſhew, that whereas in- 
ſpiration is owing to the energy of the ſen- 
tient principle, and is, therefore, in ſuch 
patients, in ſome degree interrupted, expi- 
ration is performed as uſual ; which could 
not happen, if, like inſpiration, it proceed- 
ed from the mind, or from any particular 
ſenſation directing it to put certain muſcles 
in action; for in that caſe there ought to 
be a pauſe at the end of inſpiration, as well 


as 
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as at the end of- expiration. Upon the 
whole, therefore, we may conclude, that 
expiration naturally enſues as ſoon as ever 
the inſpiratory muſcles ceaſe to act, chiefly 
by virtue of the elaſticity of the ſtretched 
parts, and ſcarcely at all by the power of 
any muſcular contraction *. 

HERE we may obſerve a remarkable ana- 
logy betwixt the motions of the pupil, and 
of the thorax in reſpiration. The coarcta- 
tion of the pupil, when light is admitted 
into the eye, is owing to the muſcular con- 
traction of the circular fibres of the wvea, in 
which, therefore, it ſeems to correſpond 
with inſpiration ; but its relaxation when 
the ſtimulus of light ceaſes, is produced 
merely by the natural contraction of the 
longitudinal fibres of this membrane, and 
conſequently in this it reſembles expira- 
tion. | 


D d 4. Ir 


* What is ſaid here, is only meant of ordinary and gentle 
expiration, which is performed without conſciouſneſs, or 
the aſſiſtance of any of thoſe muſcles which act in violent ex- 
piration. 
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4. Ir it he demanded, why, after the 
lungs, by an effort of the will, have been 
kept for ſome time in a ſtate of full inſpi- 
ration, the inſpiratory muſcles are immedi- 


| ately relaxed, when this effort ceaſes, and 


not rather continued in a ſtate of contrac- 
tion, ſeeing there is an uneaſy ſenſation in 


the lungs, equal to what happens after ex- 
piration; the anſwer is, that the diſagree- 


able ſenfation is of a different kind, and 
which, the keeping the lungs in a ſtate of 
inſpiration, would tend rather to increaſe 
than remove: for ſuch is the conſtitution 
of our frame, and the law of that wonderful 
union connecting the ſoul and body, that 
the former, upon any uneaſy perception, 
produces ſuch motions and changes in the 


latter, as naturally and moſt effectually tend 


to Heſſen it, or expel the irritating cauſe, — 
Thus the uneaſy ſenſation ariſing from the 
action of light upon the tender retina, is not 
followed by a contraction of the longitu- 


dinal fibres of the wvea, becauſe this would 


not have the effect of diminiſhing, but of 


adding to the diſagreeable perception. For 
the 
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the ſame reaſon, the mind, in conſequence 
of a ſtimulus or uneaſy feeling in the lungs, 
increaſes the act ion of the nervous influ- 
ence upon the intercoſtal muſcles and dia- 
phragm, and not upon the muſcles of the 
abdomen, back, or loins. But further, the 
continuing the inſpiratory muſcles for any 
conſiderable time in a ſtate of full contrac- 
tion by a voluntary exertion of the power 
of the mind, never fails to give ſome degree 
of uneaſineſs; ſo that it is no wonder, if 
they be relaxed as ſoon as the effort of the 
will ceaſes. 


5. SUDDEN ſurprize, or any thing that 
will but for a few moments ſtrongly fix the 
attention of the mind, prevents the hiccup, 
if it be from a weaker cauſe, —Sneezing is 
ſtifled in the beginning, whenever an at- 
tempt to perform it raiſes an acute pain in 
any part of the body; as frequently happens 
in rheumatiſms affecting the muſcles of the 
back or thorax.” In theſe caſes, the mind, 
being ſtrongly affected by the acute pain, 
becomes, in a great meaſure, inſenſible of 
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the irritation of the olfactory nerves * ; 
wherefore no violent or convulſive motion 
enſues.— In the ſame manner, if there be 
only a gentle irritation in the trachea, any 
thing that renders the mind lels ſenſible of 
this, will prevent coughing. Hence, in 
time of eating, a tickling cough generally 
ceaſes, or is leſs frequent; fot not only the 
chewing and ſwallowing of the food engage 
the attention of the mind at that time, 
but the motions of the /arynx in deglutition 
have almoſt the ſame effect in leſſening the 


ſenſe of irritation in the trachea, as Friction 


has in diminiſhing a ſmall degree of pain, 
or itching, in any part of the body. As 
therefore the convulſive motions of cough- 
ing, ſneezing and the hiccup, are undoubt- 
edly owing to an uneaſy ſenſation affecting 


the mind, may we not juſtly conclude, that 


the gentler ſtimulus of the blood, in the veſ- 
ſels of the lungs, becomes, through the in- 


tervention of the mind or ſentient principle, 
the 


* How a ſtronger ſenſation ſhould deſtroy, or render the 
mind inſenſible of a weaker one, is a queſtion attended with 
ſome difficulty; concerning which ſee below Set. xi. anſwer 
to objection 2. 
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the cauſe of the leſs violent motions of the 
inſpiratory muſcles ? 


6. This however will ſtill further ap- 
pear, from conſidering the phenomena of re- 
ſpiration in ſome morbid caſes, and in ani- 
mals placed in a receiver partly exhauſted of 
air. 

« IN acute diſeaſes, where the head is 
much affected, a remarkable alteration of- 


ten happens in the breathing: expiration 


indeed ſucceeds inſpiration in the uſual 


way; but ſometimes,” after expiration is 


finiſhed, there is a long pauſe before a new 


inſpiration is begun. In a patient, whoſe 


brain was affected from an iſchuria, I ob- 
ſerved this interval between the end of one 


expiration, and the beginning of a ſubſe- 


quent inſpiration, to be many times from 
ſeven to ten ſeconds: but in a young wo- 


man, who died apoplectic, inſpiration ſome- 


times did not ſucceed the expiration, till 
after I had counted 20, 30, 40, or even 
more beats of my -pulſe, which did not vi- 
brate above 75 times in a minute. This 


phenomenon, which is eaſily explained, upon 
| | the 


. — * ' = — ot. 4 
* 3 5 - wo '%. 1 1 r => a 


1 


FF 
2 * > S434 & 


. _—— 
= 


—_- wm PRs 


: 


5 
| 
| 
i 


"—_—__ 


. 
n * an 


"1 

, 
% 
1 
'Y , 
. 
4 0 
5 
*F 
1 
. 
| 
4 4! 
£2 a [ 
4 
70 
wn 


Pg nn 


214 Of the Vitar and 


the principles we have laid down, is altoge- 
ther inconſiſtent with every mechanical 
account of reſpiration that has hitherto 
appeared, or indeed with any, we pre- 
ſume, which may poſſibly be deviſed here- 
after. 

In theſe caſes, the brain, and common 
ſenſorium, being greatly affected, the mind 
or ſentient principle muſt have been much 
leſs ſenſible, than it uſually is, of any im- 
preſſion, irritation or ſiimulus affecting the 


nerves. Hence, after expiration, which, 
from the reſilition of the cartilages of the 


ribs, Oc. naturally, and without the inter- 
vention of the mind, ſucceeds inſpiration, 
a long pauſe intervenes before a new inſpi- 
ration comes on ; becauſe the mind is not 


-rouſed to exert her influence, till the unea- 


ſineſs and ſenſe of ſuffocation in the breaſt 
becomes ſo conſiderable, as to awake her, 
as it were, out of a profound ſlcep. Let 
any one, after expiration is finiſhed, keep 
his thorax in that ſtate for half a minute or 
more, and he will feel, before that time is 
clapſed, ſuch an uneaſineſs in his breaſt, 
as will beget in him the ſtrongeſt defire 

| of 
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of dilating the lungs, and taking in freſh 
alr. | 

IT is plain, that, after ſuch a ſtop, if 
Boerhaave's theory were true, inſpiration 
never could ſucceed, becauſe it muſt neceſ- 
farily occaſion a much greater obſtruction 
to the motion of the blood through the 
lungs, than can ever happen at the end of 
inſpiration, and conſequently render the in- 
ſpiratory muſcles altogether unable ro over- 
come their antagoniſts, and dilate the ho- 
rax.—If reſpiration were owing to the al- 
ternate compreſſion of the phrenic nerves, 
would not theſe nerves, on account of the 
blood accumulated in the veſſels of the 
lungs, be more compreſſed 20 or 30 ſeconds 
after expiration, than juſt when it was ft- 
niſhed, and conſequently be rendered then 
more incapable to actuate the inſpiratory 


muſcles? 
Bur the truth of what we have been 


contending for, will ſtill further appear from 
the following hiſtory. A child of five 
years of age, having, at 7 o'clock in the 
evening, ſwallowed, by miſtake, about a 
dram and a half of liquid laudanum, ſoon 


became 
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became merry, and laughed, then delirious, 
and in half an hour was ſeized with a ſleepi- 
neſs and ſtupor; at 10 her breathing was 
high, with a ſnoring noiſe, her pulſe full 
and equal, though flow ; ſhe could not be 
fully awaked, but looked up a little, and 
ſeemed to be ſenſible of pain, when ſevere- 
ly pinched: about 11 her face became 
pale, her eyes fixed and glazed, and her 
breathing would often gradually decreaſe, 
and at laſt ſtop, for near a minute; then it 
began again with a very deep inſpiration 
and ſighing. Ar firſt when the breathing 
began to be thus interrupted, the intervals 
were ſhorter, but became gradually longer 


till the patient died. While the motions 


of reſpiration were decreaſing, the pulſe was 
ſmaller; and when they were altogether 
ſtopt, it was very weak and flow; but 
equable and without intermiſſions: when 
reſpiration began to be renewed, the 
pulſe recovered its ſtrength, and became 
leſs ſlow. Bed | 

THE interrupted breathing is eaſily ac- 


counted for, from the, ſiupor and inſenſibili- 


ty which opium never fails to occaſion when 
taken 
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taken in too great quantity; and the in- 
tervals becoming gradually longer, could be 
only owing to the ſenſes being more and more 
lock*'d up by the further action of the lauda- 
num, till at laſt, the mind becoming altoge- 
ther inſenſible of the ſlimulus or ſenſe of ſuffo- 
cation in the lungs, a final ſtop enſued. Add 
to this, that from the remarkable weakneſs 
and ſlowneſs of the pulſe while reſpiration 
was ſuſpended, it is evident that its recom- 
mencement could not be owing to any 
mere mechanical cauſe ; for the ſecretion 
of ſpirits, and every function of the body 
depending on the general circulation of the 
fluids, muſt. have been more languid imme- 
diately before the . renewal of reſpiration, 
than when it began to ceaſe. It would be 
in vain to pretend to account for the pheano- 
Menon now mentioned from any compreſſion 
of nerves, or alternate oſcillations of a high- 
ly elaſtic fluid in the fibres of the inſpira- 
tory muſcles; for when the heart itſelf - 
was ſinking, and all motion in the body 
was ready to ceaſe, every mechanical power 


that can poſſibly be imagined to excite re- 
ſpiration, muſt have been leſs able to renew 
Ee. this 
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this motion, than it was a little before to 


have continued it.—Laſtly, ſince the pulſe 
was at all times ſlow, and in the intervals of 
reſpiration, not only weaker than uſual, but 


alſo more remarkably ſlow, it appears that 
the heart was in ſome meaſure rendered leſ 


obedient to the ſtimulus uſually affecting 
it “. Nor is this ſurpriſing; ſince, from 
the diſſections of living animals, we know, 
that a large doſe of opium almoſt entirely 
ſuſpends the periſtaltic. motion of the ſto- 
mach and inteſtines f. The heart ſeems to 
be endued with a much greater degree of 
ſenſibility than the lungs; and this perhaps 


may be the reaſon, why its motion was leſs 


remarkably diſturbed by the ſtupor occaſion- 
ed by the laudanum, than that of reſpira- 
tion, which, beſides, is performed by muſ- 


cles, whoſe fibres or membranes have no ſli- 


mulus immediately applied to them. 

y In the Edinburgh Medical Eſſays, vol. V. 
art. 55. we are told, that, after blowing in- 
to the lungs of a man, who had been dead 


to all appearance for aboye half an hour, 
the 


See below, Sect. xiv. No 24, & 25. 
+ Kaai impet. faciens, No 434, & 485. 
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the thorax, which was by this means eleva- 
ted a little, continued alternately to riſe 
and fall, gradually acquiring greater degrees 
of motion, till at laſt reſpiration came to be 
as fully performed as in healthful people. 

Could this be owing to any mere mecha- 
nical powers in the body? No, ſurely. A 
machine adjuſted according to the moſt ex- 
quiſite rules of art, tho” it might for ſome 
time have preſerved the motion communi- 


cated to it, could never of itſelf have gene- 


rated a greater motion ! In order therefore 
to account for the renewal of reſpiration 
in this caſe, we muſt have recourſe to the 
energy of the SENTIENT PRINCIPLE, 
exerted, here, in conſequence of the mo- 
tion imparted to the fluids in the longs, by 
their firſt inflation. 

s THOUGHTFUL melancholy people, 
whoſe minds are greatly taken up with, and 
ſtrongly attached to certain objects, being 
hence leſs affected by the ſtimulus or light 
uneaſineſs which begins to be felt in the 
lungs, after expiration is ended, uſually 
perform reſpiration more ſlowly, and after 


longer intervals, than thoſe who are in per- 
fect 
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fect health; by which means, the blood 
paſſing leſs freely through the pulmonary 
veſſels, and being accumulated in them, a 
ſenſe of weight and ſuffocation ariſes, which 
more powerfully affects the mind, obliging 
them, often, to draw in a more than ordi- 
nary quantity of air, and occaſioning what 
is uſually called a deep ſigh. 

By what mechaniſm can it be, that in 
the half-exhauſted receiver of an air-pump, 
animals breathe quicker and higher than in 
the open air? Certainly, upon Boerhaave's 
principles, the motions of reſpiration ought 
not to be redoubled in this caſe, ſince the 
blood flows with greater difficulty through 
the lungs. And if, according to Swammer- 
dam and Pitcairn, the alternate motions of 
the thorax were owing to the inſpiratory 
muſcles. having no antagoniſts, how could 
this be altered by the air's being rendered 
lighter, or in what poſſible way could this 
or the ſtagnation of the blood in the lungs, 
make theſe muſcles repeat their contractions 
more ſtrongly and frequently? But it is e- 
vident, upon the theory we have endea- 
voured to eſtabliſh, that in proportion as 
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the air in the receiver is exhauſted, and re- 
ſpiration becomes more difficult, the mind 
muſt increaſe its efforts, in order to dilate 
the lungs more fully, and to get rid, if poſ-. 
ſible, of that anxiety, or ſenſe of ſuffſoca- 
tion, which ever accompanies the ſtagna- 
tion of the blood in the pulmonary veſſels, 
or its difficult paſfage through them. 5 

e | ASTLY, upon what hypotheſts, found- 
ed wholly in the received properties of bo- 
dies and the laws of motion, can it be 
ſhewn, that the frequency and fulneſs, flow- 
neſs and ſmallneſs of reſpiration ſhould, in 
healthy people, be conſtantly in proportion 
to the heat and cold, rarity and denſity of 
the air? 

7. ResPIRATION differs from moſt of 
the other ſpontaneous motions, in being ſub- 
ject to the power of the will: thus we can 
at pleaſure accelerate, retard, or put an en- 
tire flop, for a conſiderable time, to the 
motions of the intercoſtal muſcles and dia- 
phragm: nor is this power of the will 
over theſe muſcles owing (as Boerhaave 


thought 
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thought) to the mind's preventing their 
alternate contraction, by means of the 
ſtronger voluntary muſcles, which are em- 
ployed in laborious reſpiration ; for any 
one, by trying the experiment, may ſoon 
fatisfy himſelf, that, without the aſſiſtance 
of any other muſcle, he can, when he 
pleaſes, contract the diaphragm with diffe- 
rent degrees of force, or hinder its motion 
altogether. —But though reſpiration thus 
differs from the proper involuntary motions, 
yet it does not perfectly agree with thoſe 
that are voluntary, ſince it is regularly per- 
formed in time of ſleep, and when we are 
awake, although] we be not conſcious of 
it. 

« THE motions of the intercoſtal muſcles 
and diaphragm are not, like thoſe of the 
heart and inteſtines, independent on the 
will, becauſe the ſimulus exciting their ac- 
tion is applied to a diſtant part, and not to 
the organs moved ; and while ſuch ſtimulus 
is gentle, and the part affected by it not 


very ſenſible, as is plainly the caſe of the 
lungs, 


® Inſtitut. med. No 624- 
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lungs, the contraction of the muſcles that 
is wont naturally to follow it, may be pre- 
vented by the interpoſition of the will; 
but if the ſtimulus and uneaſy ſenſation be 
grearly increaſed, the uſual motions enſue, 
in ſpite of any determination of the will to 
the contrary. Thus, when the membrane 
of the zrachea is only ſlightly irritated, we 
can reſtrain coughing ; but when it is more 
ſtrongly affected, all endeavours to hinder 
it are in vain.— When an ordinary ſtimulus 
to go to ſtool or to make urine urges us, 
though the diaphragm and abdominal muſ- 
cles be, as it were, ſpontaneouſſy contract- 
ed, yet we can reſtrain their motions if we 
pleaſe ; but in a violent reneſinus or ſtrangu- 
ry, they are convulſively contracted, not- 
withſtanding any effort of the will to the 
contrary.— In like manner, the ſtimulus ex- 
citing the uſual contraction of the inſpira- 
tory muſcles, after exſpiration is finiſhed, is 
ſo gentle, that we can at pleaſure prevent 
its taking place; but in ſevere aſthmatic 
fits, where the uneaſy ſenſation is vaſtly in- 
creaſed, the will begins to loſe its power of 
reſtraining the motion of theſe muſcles; 

nay, 
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nay, even ſome of the voluntary muſcles, 
at this time, are forced i into action for their 
aſſiſtance: and if, in ſuch caſes, the will 
can at all ſtop the motions of the inſpirato- 
ry muſcles, it is not ſo much by its imme- 


diate power over them, as by means of the 


ſtronger muſcles employed in voluntary re- 
ſpiration. 

Ir muſt indeed be acknowledged, that 
although the contraction of the orbicular 
muſcle of the zvea be not owing to any 
ſtimulus. immediately applied to it, but to 
the irritation of a diſtant part, yet it is al- 

together independent on the will; and in 
this differs from reſpiration, and from the 
motion of the muſcles employed in cough- 
ing, and in voiding the urine and feces. 
Perhaps the reaſon of this difference may 
be, that the action of light upon the very 
ſenſible retina affects the mind ſo ſtrongly, 
that we cannot, by any power of the will, 
prevent the contraction of the pupil: fur- 
ther, it is not impoſlſib:e that the will, 
merely through diſuſe, may have loſt its 


power of reſtraining the motions of the 
muſcular 
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muſcular fibres of the avea, even when the 

ſtimulus is ever ſo gentle . n 
Bur whatever may be the efficient cauſe, 

which thus ſubjects reſpiration to the go- 


vernment of the will; the final cauſe of 


this difference between it and the other vi- 
tal motions. is pretty evident: for were it 
not that the motions of the muſcles em- 
ployed in reſpiration may be varied at 
pleuſure, we ſhould not only be unable to 
evacuate the urine and fæces, but muſt have 
been deprived of the happineſs and advan- 
tage of communicating our thoughts to 
one another in the way of ſpeech, 

E Ir it ſhall be objected that the motion 
of reſpiration cannot be owing to the mind 
or ſentient, principle, becauſe it ohtains at 
all times, and is kept up when we are a- 
ſleep and not conſcious of it, equally as 
when we are awake and attentive; it may 
be a ſufficient anſwer, to obſerve, that a va- 
riety of actions are performed by the influ- 


ence of the mind, without our adverting 


to them in the leaſt. To give but one in- 
| F f ſtance : 


„See above Seck. 1. Ne 18. 


n 
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ſtance: The eye-lids never ceaſe, after 
ſhort intervals, to move, whether we be 
fenſible of this or not, nay frequently, as 
when any thing threatens the eye or touch- 
es the cornea, they move whether we will 
or no; and yet theſe motions are un- 
doubtedly owing to' the mind. Why, 
therefore, may not-reſpiration be carried on 
much'in the ſame manner, without our at- 
tending to it; eſpecially ſince we have 
ſhewn that the difficult paſſage of the 
blood through the lungs, and the uneaſy 
ſenſation thence ariſing, muſt at all times 
influence the mind to continue this action? 
Is time of ſteep, do we not often ſwal- 
low the ſpittle, talk, move our limbs, and 
entirely change the poſture of our bodies? 
Nay, ſome perſons get out of bed, and tra- 
verſe about from one room to another. 
Here, then, are actions certainly performed 
in ſleep, which, nevertheleſs, muſt neceſ- 
farily be aſcribed to the action of the 
mind. Further, in caſes where breathing 
is difficult, when the patients are no ways 
conſcious of it, nay even in time of ſleep, 
reſpiration ſeems to be performed, partly 
by 


Ga (3 Mm 
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by the aſſiſtance of other muſcles: heſides 
the proper inſpiratory ones, i. e. by; muſcles 
which commonly are not employed except - 
in voluntary motion, and whoſe action, 
therefore, in ſuch extraordinary caſes, muſt 
be attributed to the mind alone. On what: 
pretence of reaſon, therefore, can it be ur- 
ged, that the motions of the diaphragm 
and intercoſtal muſcles, ſince chey continue 
to be performed while we are aſleep, are in 
no ways owing to the mind? — If, while 2 
child is aſleep, and breathing ſoftly, a thick 
cloth be laid over its face; it will 2 
ately begin to breathe deeper or quicker, 
and will go on to reſpire in .this manner, 
till, the cloth being removed, the cool air 
is admitted into the lungs. This, un- 
doubtedly, muſt ariſe from the uneaſineſß 
which the mind feels from the difficult paſ- 
ſage of the. blood through the lungs, and 
the want of proper air; in order to get rid 
of which inconveniencies, it moves £ the- 
rar with uncommon, force and frequency, 
whence a greater quantity of air is inſpired, 
and the lungs, are more widely dilated, — 
In an aſiluna, does not the ſenſc of ſuffoca- 


tion 
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tion excite the mind to redouble the mo- 
tions of the inſpiratory muſcles, and are we 
not ſenſible of this when awake? In ſleep, 
when we are leſs conſcious of this uneaſi- 
neſs, does not the mind perſevere in exert- 
ing its influence in the fame manner upon 
theſe + muſcles? A ſtrong argument this, 
that the mind, as a ſentient principle, is of- 
ten affected by what paſſes in the body, and 
is, in conſequence of this, excited into ac- 
tion, when, in the mean time, we do not 
advert to any ſuch r 


SECT. * 


\ 


oe the begining f vi ation in awe. 


8 it would be Acbgirbs en 

to prove, that the fetus cannot poſ- 

ſibly perform the action of reſpiration, 
when it is in the womb, and incloſed in 
its membranes; I ſhall take it for granted 
that animals do not begin to breathe, till 
the external air has accefs to them, at the 
time of birth; though J find, not indeed 
: without 
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without furprize, ſome of the r go- 
ing into the contrary opinion *. | 

IT may, perhaps, be thought 12. — 
ous in me to undertake the ſolution of a 
problem, which ſome of the greateſt Phy- 
ſiologiſts have atrempted in vain: how- 
ever, I cannot help thinking it full as eaſy 
to account for the firſt commencement of 
reſpiration, | as for its continuance when 
once begun; and that both are owing to 
the ſame cauſe, namely, to an . ſen · 
ſation in the lungss. | 

Ou bodies, framed, as bey are, with 
the moſt exquiſite ſkill, would ſoon: periſh 
if deprived of aliment and air. The for- 
mer of theſe, muſt be ſupplied at ſhort” in- 
tervals, but the latter can hardly be wanted 
for a moment. The fru, while in the 
womb, ſtands not in need either of the one 
or the other; the mother's, juices, tranſ- 
mitted to it through the veſſcls of che pla- 
centa, ſupplying the want of aliment:; and 
the peculiar circumſtances of its heart ma- 


king che alternate motion of W 


7 01 4366 | which 


Magin opera, tom. 3. 
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which is requiſite for carrying on the circu- 
lation of the blood in animals after birth, 
unneceſſary here; while the mother's fluids, 
having ſuſtained the action of the air in 
her lungs, are duly fitted for all che pur- 
poſes of the fe!us, without any reſpiration 
of its own. The neceſſity, therefore, of 
air and aliment commences with our birth; 
and as we are excited to take in meat and 
drink by the uneafy ſenſations of hunger 
and thirſt, which, as faithful monitors, ne- 
ver fail to warn us when theſe are wanted, 
but immediately ceaſe upon the appetite's 
being ſatisfied; ſo, to prevent our being in 
danger of periſhing through the want of 
freſli ait, there ariſes, unleſs the action of 
breathing be continually repeated; and new 
ſupplies of freſh air thus brought into the 
lutigs, an uneaſy ſenſation, which may not 
improperly be termed Ihe en of 
breathing. 2 
Ix then an . freſh at be as 
natural to animals aſter birth, as a deſire 
ſor aliment; and if nd one ever yet thought 
of accounting either for the ſenſations of 
hunger and thirſt, or for the taking of 
food 
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. food conſequent upon them, merely from 
1 the mechanical conſtruction: of the ſtob 
K mach, gullet and  fautes, without having 
n recourſe to the mind; is it not highly. un» 
= reaſonable and unphiloſophical to attempt 
a to explain the action of reſpiration from 
f principles purely mechanical, and to deny 
; the perception aud operation of a ſentient 
d active principle to be the, cauſe which at 
r firſt begins, and ever after continues it? 


L This analogy is too ſtrong not to- ſtrike 
every unprejudiced mind! {144 +: 

Bur it may be here aſked, in che way 
of objection, if the fetus, during its con 
 finement in the womb, has an inclination 
to breathe, why is not the liquor amnii, 
like the air after birth, received into its 
lungs, and expelled. OT "0 an- 
{wer to which 1 5, | = 


I. THAT 


* Dr Martine has propoſed it as a problem; why the 
fetus in time of geſtation never dilates its thorax, nor at any 
time before birth performs, however ſlowly, the motions of 
inſpiration and expiration ſucceſſively, Medical Eſſays, vols 1. 


art, xii. 
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1. THAT had the fetus in utero ever ſo 
ſtrong: a deſire to perform the action of 
reſpiration, ' it could not admit the liquor 
amnii into its lungs ; partly on account of 
water being a fluid altogether improper for 
the purpoſes of reſpiration, but more eſpe- 
_ cially becauſe, whenever it ſo much as 
touches the top of the larynx, the glortis 
is ſo conſtricted, by the convulſive con- 
traction of its muſcles, that ſcarcely can 
even one drop paſs into the lungs. This 
appears evidently from its being: obſerved, 
that thoſe animals, which have been im- 
merſed and kept under water, do not admit 
any of this fluid at all into their lungs, 
much leſs ſuch a portion of it as might 
properly be eſteemed the cauſe of their 
deaths *. If, therefore, a ſmall quantity 


of water has at any time been found in the 


lungs of drowned animals, we are not to 
ſuppoſe ir made its way thither while they 
were alive, but only after their death, 


n the me of the glortis, loſing 
their 


HHiſtoire academie des diene EY dvo. p. 32. and 
1725; * 16. 
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their power of contraction and beco- 
ming flaccid, the ſides of this paſſage: recede 
from each other. 

Tux different cravings or appetites have 
ſeverally their correſponding objects : freſh 
air, on account of its cooling quality, and 
becauſe it equably and gently dilares the 
lungs, and thus promotes the circulation 
of the blood through their veſſels, is as 
well adapted to farisfy the appetite of 
breathing, as thin cooling drink is to 
quench thirſt ; whereas water would be 
altogether as improper for the purpoſes of 
reſpiration, as dry bread for diluting our 
fluids, or ſatisfying the cravings of a thir- 
ſty animal. Hence as food has the higheſt 
reliſh to a hungry perſon, ſo, to one half 
ſuffocated for want of air, nothing is more 
refreſhing or more greedily taken in than 
this fluid. 

SIN CE, therefore, it appears from what has 
been faid, that water is wholly unfir-for ſa- 
tisfying the appetite of breathing, and that 
animals which have been long accuſtomed to 
reſpiration, never ſo much as attempt, when 
under water, to draw it into their lungs; it 

| G g follows, 
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follows,: 10 the fetus in utero, even ſups- 
ſing (what leems not however to be the 
caſe) it had the ſame appetite of breathing 
with animals after, birth, could not receive 
the liquor of the amnior into its lungs, and 
expel it thence alternately. Thus we ſee 
how eaſy a ſolution Dr Martine's problem 
admits of ; and that, for this purpoſe, it is 
quite unneceſſary to have recourſe to any 
imaginary compreſſion of the phrenic nerves. 
But, | 


2. Ir ſeems ' probable, that either the ap- 
petite of breathing does not take place in 
fætuſes till birth, or that it becomes then 

much ſtronger; for, 

_ « THE uneaſy ſituation of the fetus, when 
the birth is juſt at hand, and its various 
motions and ſtruggles in conſequence of this 
uneaſineſs, muſt remarkably quicken the cir- 
eulation of the blood through its veſſels ; 
whence; the lungs will not only receive a lar- 

ger ſhare of fluids in a given time than for- 

merly, but the blood paſling in greater 
quantity than uſual from the leſt ventricle 
of the heart into the aorta, and making | 

therefore | 
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therefore a ſtronger reſiſtance ro the paſſage 
of this fluid through the ductus arte ioſus, it 
muſt now be more-copiouſly determined in- 
to the pulmonary artery, from whofe begin- 
ning this duct ariſes. © But if the blood be 
thus puſhed in greater ſtreams into the vef- 
ſels of the lungs at, and even fomewhat ear- 
lier than the time of birth, muſt there not 
hence enſue à greater degree of heat, and 
fulneſs, a more active ſtimulus and uneaſinefs 
in theſe veſſels; or, in other words, muſt 
not the appetite of breathing be hence ne- 
ceſſarily increaſed“? After birth, when the 
fetus remains for ſome time incloſed in its 
membranes before it is allowed to breathe, 
this increaſed motion of its blood may well 
be ſuppoſed to be much abated ; however 
the cold, which it is now much more ex- 


poſed to than formerly, by contracting the 


placentary and cutaneous veſlels, muſt ac- 
celerate the return of their blood to che right 
5 ventricle 


* Altho' immediately before birth the fetr may be ſo preſ- 
ſed upon and confined by the parts ſurrounding it, as to pre- 
vent its making any conſiderable motions, yet the pain as well 
as the (trong alternate preſſure which it ſuffers, cannot fail, at 
that time, to quicken the circulation of its blood. 


TG — — ————— —ꝓ0—— 2 - 


3 —— 


F K :: 
% % = 5 % o 


p Y oy + 


= ” 2 —— — 


— —— 


4 

4 

* . 
4 
4 

Fr 

. 

1 


236 Of the VtrAL and 
ventricle of the heart, and, by this means, 


increaſe the force of the circulation in the 


interior parts of the body. 

- CHILDREN, which have been cut out of 
their mother's womb, often remain a conſi- 
derable time without attempring to breathe, 
becauſe there is no ſuch increaſe of the 
blood's motion thro? their lungs, as happens 
in children which are brought forth in the 
natural way, and which, therefore, muſt have 


1 greater inclination to inſpire. It is to be 


obſerved, however, that, in ſome caſes, 
weakneſs, and conſequently a very languid 
circulation through the lungs, is the cauſe 
why children delivered in the uſual manner, 
as well as thoſe who are cut out of the ute- 


rus, do not begin to breathe for a conſider- 


able time, after they are expoſed to the 
air. „5 | 
IT has been obſerved, that when the uterus 


of a living birch is opened, the puppies 
incloſed in their membranes remain quiet 


for ſome time; but, about the time of the 
mother's death, they begin to ſtir about and 
ſtruggle, as if affected by ſome very uneaſy 


ſeniarion; and that if their membranes be 
We laid 
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laid open at this time, or a little after, ſo 
that the air ſhall be admitted to them, they 
immediately begin to breathe, and ſeem to 
be relieved from what before oppreſſed 
them; but if this is not done, they quick- 
ly begin to languiſh and at laſt die“. Does 
not this argue that a neceſſity of reſpiration, 
and a deſire, ſtronger at leaſt than before, 
of dilating the thorax for the admiſſion of 
air, commences on the part of the feius, 
immediately after its intercourſe with the 
mother is cut off by the birth? | 
y As the water ſurrounding the fetus 
would certainly hinder its making any ef- 
forts to inſpire, though it were ſuppoſed e- 
ver ſo deſirous of doing it, ſo the air, the 
proper medium for reſpiration, being applied 
after birth to the face, mouth and noſtrils 
of the animal, may put it upon eſſaying a 
new action, which, by reaſon of the peculiar 
ſenſation in its lungs, it cannot but be ex- 
tremely anxious to perform. We may ob- 
ſerve that a new- born child rarely attempts 
$77 52 ei 
® « Fœtum cum ſuis involucris eximo, et exterior] effracto in 
4 yolucro per interius valde pellucidum oſtendo qi fœtus reſpi- 


rare conetur, quamque pulchre interiori quoque fracto ærem 
* ducat.” Veſalii anatom. lib. 7. c. 19. 
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to ſuck except ſomething be applied to its 
mouth; and, perhaps, in the ſame manner 
the appetite of breathing irſelf may be increa- 
ſed in a fz!us by the preſence of a fluid fit- 
ly anſwering its demands. —The chick, af- 
ter it is become large and ſtrong, is obſer- 
ved to gape when the ſhell is opened; and 
does not this indicate a deſire of breathing? 
this opening of the mouth cannor be in 
order to take in the liquor of the ammnios 
ſince the chick is nouriſhed, not by 
the mouth, but by the umbilical veſſels a- 
lone. 

Uro the whole, altho it is not altogether 
improbable that the ftus, during its ſtay in 
the womb; may, eſpecially rowards the end 
of geſtation, from the difficult paſſage of 
the blood through its compreſſed lungs, 
have a defire to breathe, provided it could 
enjoy the benefit of air, vet it ſearcely can 
be doubted that this appetite of breathing 
muſt be greatly increaſed at birth, Nor is 
breathing the only action performed by a 
child newly born, which before it was a 


ranger to; 6 Jeng equally, new to 
5 it 


i ee Edinburgh Medical | Eflays vol. 2. art. 10, 
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it as breathing *. The former has been ge- 
nerally referred to inſtinct, and ſo perhaps 
may the latter: but as I would decline, as 
much as poſſible, the uſe of words, whoſe 
meaning may be obſcure or indeterminate; 
I chuſe rather to ſay, that ſucking and 
breathing are owing to 'particular ſenſations 
in the body, determining the mind or ſen- 
tient principle to put certain muſcles or or- 
gans in motion. | 
Having thus accounted for the 1 


ning of reſpiration in animals, we ſhall, in a 
few words, ſhew the weakneſs of what has 


been advanced on this head by ſome of the 

moſt conſiderable writers in Phyſiology. 
Our celebrated countryman Dr Pitcairn 
derives the firſt inſpiration | in new- born -ani- 
mals, from the air-ruſhing, by the glottis, 
into the cavity of the 7 at birth, as it 
were into a vacuum, and thus enabling the 
| intercoſtal 


That the fztus in utero does not ſwallow the liguor am- 
ni, has been ſo clearly demonſtrated by my learned Collegue 
Dr Alexander Monro ſenior, that I think it one of the 
few points in Phyſiology which ought for the future to 
paſs undiſputed, See Edinburgh Medical Eſſays, vol. 2. 
art. 9. 
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intercoſtal muſcles to raiſe the ribs . But 
as the lungs, before birth, fill the thorax, 
there can be no vacuum into which the air 
may ruſh: for, if there were, the liquor am- 
ni muſt have been forced into it, while the 
fetus was in the womb; and in dead-born 
fetuſes, the air ought to ruſh into the.lungs 
and expand them; both which circumſtan- 
ces are contradicted by experience. The 
Doctor adds, Irrumpit, inquam, aer vi elateris 
er gravitatis, non autem dilatati prius pectoris, 
compulſus f; whence it is evident he was 
quite unacquainted with the true manner in 
which inſpiration is performed: for it is 
owing, as has been ſhewn above, to the en- 
largement of the cavity of the breaſt, 
made by the contraction of the intercoſtal 
muſcles and diaphragm. Beſides, ſince the 
thorax is in a ſtate of full expiration in all 
dead animals, it evidently appears that the 
act: | on 


Diſſert. de cauſ . qua ſanguis fluit per pulmon. ſect. 14. 

p- 33. Wy TY 
+ Diſſert. de cauſ. qua ſang. fluit per pulmon. ſect. 15. 
p. 54- 
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air cannot, by ics gravity, Oc. dilate the 
lungs; but that, in order to the firſt inſpi- 
ration, the diaphragm and intercoſtal muſ- 
cles, by their contraction, mult enlarge the 
cavity of the cheſt. 

Tn E great Boerhaave, after Thruſton and 
Borelli, aſcribes the beginning of reſpiration 
to the fetus moving all its muſcles violent- 
ly in the time of birth, and, among the reſt, 
the intercoſtals and diaphragm“. But this 
account is by no means ſatisfactory; ſince 
Veſalius and Mr Boyle have obſerved, that 
puppies cut out of their mother's womb be- 
gin to gape and breathe as ſoon as they 
are expoſed to the open air f. And when 
infants, which ſeemed to be dead-born, 
have begun ſoon after to breathe, we are 
not, with the illuſtrious Senac, to aſcribe 
this to the action of any ſecret reſſort, or 
undiſcovered piece of mechaniſm, bringing 
the muſcles of inſpiration at this time into 
play 4; but to the energy of the ſentient: 

Hh principle, 


* Inſtitut. Med, $5 691. 
+ Veſal. Anatom. lib. vii. cap. 19. & Beyle's exp. phy ſic. 


mechan. p. 41. 
＋ Traite du coeur, lib. 3. cap. 8. Sect. vi. 
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principle, which, as ſoon as the heart be- 
gins to vibrate, is rouſed by a diſagreeable 
feeling in the lungs, to dilate the zhorax 
and take in air. The caule, therefore, of 
the firſt inſpiration in this caſe, is evidently 
the ſame as of its recommencement after a 
ſpucope, namely, the blood puſhed by the 
heart, upon its recovering motion, into the 
pulmonary veſſels, and there acting as a 
ſtimulus. 

Tax learned M. de Haller chuſes to de- 
duce the beginning of reſpiration, from the 
eudeavours of the fazius to cry, upon ac- 
count of its uneaſy ſituation and the pain it 
ſuffers in the time of birth . But, if the 
commencement of breathing were owing 
to no other cauſe than this, why ſhould 
not this action ceaſe ſoon after the child is 
delivered, when it is free from pain and 
gives over crying? Or why ſhould it begin 
in Veſalizs and Boyls experiments now 
mentioned, where the uſual cauſes exciting 
the animal to cry were wanting? And 

why 


Not. a in Boerhaave Inſtitut, Med. 5 691, & prim. lin. 
Phyſiolog. ö 
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why ſhould the ferus ſhew ſuch marks 
of anxiety when incloſed in its mem- 


branes, and be quickly at eaſe, upon its 


having acceſs to the air and being allowed 


to breathe? | 
Bor what is crying in infants? Why, 
no more than an irregular kind of breath- 
ing, which affects the expiration "chiefly, 
and is owing to ſome painful ſenſation; 


for, hence the air being forcibly expelled 


through the glorris, which is conſtricted 
now more than uſually, produces that noiſe 
called cxyiNG. To tell us therefore, 
that the beginning of reſpiration in animals 
is owing to their attempting to cry, is, in 
other words, to ſay, that it depends upon 
a painful ſenſation, which, in animals ac- 


cuſtomed to breathe, prevents the muſcles 


of reſpiration from being moved in a regu- 
lar and natural way. But, as the action 
of theſe muſcles is performed in a more re- 
gular and equable manner as ſoon as the 
cauſe of crying ceaſes, it ſeems more reaſon- 
able ro believe that the firſt inſpiration is 
owing to the ſame cauſe as the ſecond, 
third, and every ſucceeding one, namely, to 

4. 
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a particular ſenſation in the lungs affecting 
all new-born animals; while the pain, 
which occaſions crying, is merely accident- 
al, and ſeems not to give riſe to reſpiration, 
when it does happen; though, after it is 
once begun, it is the cauſe of irs being per- 
formed after an irregular and interrupted 
manner, 

ANIMALS, when drowned, or ſuffocated 
with bad air, are many times brought to life 
again by friction, agitation, or by blowing 
air into their inteſt ines or lungs; all which 
expedients, as they communicate motion to 
the blood ſtagnating in the great veins ad- 
joining to the heart, tend to renew the con- 
tractions of this organ, and conſequently the 
circulation of the blood through the veſſels 
of the lungs, to which alone the recom- 
mencement of breathing is owing, and not 
to any attempt to cry or howl, which, in 
theſe caſes, is ſeldom obſerved. 

FURTHER, in batts, hedge-hogs and 0- 
ther animals which ly in a death-like ſtate 
during the winter's cold, and without any 
alternate motion of their zhorax, can the 
recommencement of breathing, in the ſpring 

ſeaſon, 
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ſeaſon, be aſcribed to any painful ſenſation 
exciting them to cry? No, ſurely. But 
the returning heat of the ſun agitating 
their fluids, and communicating a new mo- 


tion to their heart, the blood is puſhed, as 
is uſual in living animals, into the pulmo- 


nary veſſels, where, chiefly on account of 
its difficult paſſage, it excites a peculiar ſen- 
ſation, which rouſes the ſoul or ſentient 
principle, as it were, from its ſtate of indo- 
lence and inactivity, to contract the inſpira- 
cory muſcles, and thus perform the action of 
reſpiration, 

Uro the whole, I think it evident that 
the beginning of reſpiration in new-born a- 
nimals, or the recommencement of it in 
thoſe in which it has been for a long time 
interrupted, cannot with any ſort of juſtice 
or propriety be deduced from an inclination 
to cry*; but is owing to a peculiar ſenſa- 

tion 


* The learned M. de Haller, in his Elementa Phyſiologie, 


tom. iii. p. 318. (publiſhed ſince the firſt Edition of this Eſſay,) 
not only aſcribes the beginning of reſpiration in animals to 
their endeavouring to cry at the time of their birth, but 
chiefly to their having been accuſtomed, while in the uterus, to 
ſwallow 


r 
. 
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tion in the lungs, which as it at firſt gave 
riſe to this action, ſo it is the cauſe of irs 
being 


fwallow the liquor of the amnior; / whence they are no ſooner 
expoſed to the air, than they draw ia this fluid, with which 
they are now ſurrounded, | 

But ſuppoſing, what is no ways probable, that the fetus, 
while in the womb, had been in uſe to ſwallow the liquor 
contained in the amnios, it will not follow that it ſhould in- 
ſpire, or draw the air into its lungs, as ſoon as it is born ; for 
the action of inſpiration is altogether different from that of 
deglutition, and is performed by different inſtruments and or- 
gans. If the fetus had been accuſtomed to ſwallow before 
birth, it might indeed, immediately after z, be apt to move 
the organs of deglutition, and ſwallow its own /aliva; but 
how ſhould this action occaſion inſpiration ?—Themotion of the 
larynx and fauces in deglutition, cannot have the ſmalleſt influ- 
ence in producing a contraction of the diaphragm or intercoſtal 
muſcles : And we do not find that hunger, or a ſtrong deſire 
to fwallow either liquid or ſolid food, ever increaſes that incli- 
nation which animals bave to perform the action of inſpira- 
tion ; on the contrary, after we have faſted long, we breathe 
ſeldomer than after a full meal. In like manner, when, in con- 
ſequence of being half ſuffocated by breathing in too confined 
an air, we have a much greater deſire than uſual to inſpire, 
we do not find that our ſenſe of hunger, or inclination to 
ſwallow is thereby increaſed. And indeed, there is nothing 
more certain than that a deſire to ſwallow is as different from, 
and has as little connexion with an inclination to breathe, as 
a ſenſe of hunger in the ſtamach has with a ſenſe of ſuffocation 


in the lungs, 
In 


WAY WY - Ve 
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being ever after continued. And if we are 
ſo formed, that we feel a craving appetite, 
as often as our bodies require a new ſupply 
of food, and a different ſenſation when our 
fluids need to be diluted with drink, can it 
be thought ſtrange that an appetite ſhould 
be given us for air, the want of which be- 
comes much ſooner fatal? 


A Solution of Harvey's Problem. 


i fit, ut fetus in lucem editus, ac membra- 

nis integris opertus, et etiamnum in aqua 

ſua, manens, per aliquot horas, citra ſuffocatio- 
ni: 


In animals, which have been drowned, or ſuffacated by bad 
air, reſpiration is reſtored by friction of the abdomen, blowing 
into the anus, or by any other means that can renew the mo- 


tion of the blood through the heart and lungs: In this caſe, 


therefore, the recommencement of breathing cannot be 
owing to a ſenſe of hunger, or a deſire ta ſwallow, 

Further, if, as I have endeavoured to prove, and as M. 4: 
Haller bimfelf allows, the continuance of reſpiration in ani- 
mals be owing to an anxiety or diſagreeable ſenſation in the 
lungs ariſing from the ſlow paſſage of the blood through their 
veſſels ; is it not more reaſonable to alcribe the beginning of 
reſpiration in new-born animals to ſuch an uneaſy feeling, than 
to an inclination to ſwallow ? 


** 2 Ty * 8 * i 222 — 22 


248 Of the ViTaL and 


nis periculum, ſuperſtes ſit: idem tamen ſecun- 
dis exutus, ſi ſemel aerem intra pulmones artra- 
xerir, poſtea ne momentum quidem temporis abf- 
que eo durare poſſit, ſed confeſtim moriatur *? 
Tunis problem, which was firſt propoſed 
by the great Dr Harvey, appears to be of ſo 
very eaſy ſolution, that it is not a little ſur- 
priſing, that many Phyſiological writers 
ſhould have attempted it in vain. 
TRE fetus lives in the womb without 
_ reſpiration, becauſe the greateſt part of the 
blood, by means of the foramen ovale and 
ductus arterioſus, is conveyed from the right 
ſinus venoſus and ventricle of the heart into. 
the left ventricle and aorta, without paſſing 
through the lungs; and becauſe its fluids, 
being derived from the mother's blood 
which has ſuſtained the action of the air in 
her lungs, muſt be equally fit for its nouriſh- 
ment and ſupport, as for her's. When 
the fetus, after being ſeparated from its mo- 
ther, remains involved in its ſecundines, it 
lives for a conſiderable time without breath- 
| ing; 


* 
e 


Harvey de generat. animal. cap. de partu, p. 50. 
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ing ; becauſe the circulation of the blood 
continuing to be carried on in the fame 
manner as when it was in the womb, only a 
{mall proportion of it paſſes through the 
lungs. . nent 
AFTER birth, when the fetus has once 
been accuſtomed to breathe, it ſoon dies, 
if reſpiration is diſcontinued ®; becauſe the 
blood, which formerly went by the foramen 
ovale and ductus arterioſus, paſſes now thro? 
the veſſels of the inflated lungs: and al- 
though we cannot ſuppoſe theſe paſſages to 
be inſtantly ſhut after breathing begins, 
yet as the veſicles of the Jungs, after having 
been once inflated, never collapſe fo far as 
to occupy as little ſpace as before, their veſ- 
ſels muſt go on to receive a greater quanti- 
ty of blood than before birth, and confe- 
quently: to tranſmit this fluid in greater a- 
bundance to the left ſinus venoſus; by which 
Ii | means 
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* M. de Haller“ has well obſerved that notwithſtanding 
. Harvey's words may ſeem to infinnate that a fetus which has 
F once breathed, inflantly dies after this action is interrupted, yet 
fetuſes which have breathed only for a ſhott time, can live ſe- 
veral minutes without reſpiration. 


* Flement, Phyſiolog. tom, il. 


as 


250, Uf the'Vitar and 

means the paſſage of the blood into this ſi- 
mii, by the foramen ovale, will, in a great 
meaſure, be prevented; at the ſame time, 
by the inflation of the lungs, the pulmona- 
ry artery will be raiſed, and the ſituation of 
the ductus arterioſus ſo changed, as to ren- 
der the paſſage or the blood through it leſs 
favourable. Further, after birth, when the 
umbilical arteries are tied, the blood paſ- 
ſing through the dactus arterioſus into the 
aorta will meet with greater reſiſtance than 
formerly ; ſince the fluids puſhed into this 
artery by the two ventricles of the heart, 
will find a leſs ready paſſage, as a conſider- 
able part of the veſfels through which _ 
uſed. to flow are thus obſtructed, 

HEN CE if reſpiration be once begun, 
though performed but for a ſhort time, the 
blood, notwithſtanding its being afterwards 
reſtrained, will continue to take chiefly the 
route of the lungs, through whoſe veſſels, 
however, it cannot paſs near ſo faſt as it is 
thrown into them from the right ventricle 
of the heart; whence it follows, that an 
animal, having been once accuſtomed to 


* and after this happening to be de- 
| prived 


o - — — — Pay 


upon opening the thorax, the pulmonary artery, right ventricle 
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prived of air, muſt be ſoon. ſuffocated by 
an accumulation of blood in the pulmonary 
veſſels *. | 

SOME 


As there have been ſome who doubted of the alternate 
motion of the lungs in reſpiration, being neceſſary to carry on 
the circulation of the blood through their veſſels, I ſhall here 
mention a few experiments, which ſeem to put this matter out 
of doubt. 7 7 Yi 

1. When the lungs are collapſed, i. e. in a tate of expira- 
tion, as is the caſe of all dead animals, any fluid injected into 
the pulmonary artery, paſſes with difficulty to the left ventricle 
of the heart. | | | | | 

2. When the lungs are inflated with air, an injected liquor 
flows through their veſſels more eaſily and in greater quantity. 

3. When the lungs are agitated with an alternate motion, 
ſomething like natural reſpiration, water or any other thin 
fluid paſſes ſtill more freely through them, and peverrates into 
their moſt ſubtile veſſels &. 

4. If reſpiration be reſtrained for any conſiderable time, 
one's face becomes of a purple colour, and its veins are much 
diſtended with blood ; which ſhews that this fluid, on account 
of its difficult paſſage through the lungs, is rm in the 
trunks of the cava and right ſinus venoſus. | 

5. The neceſſity of the alternate motion of reſpiration 
in order to the free tranſmiſſion of the blood through the pul- 
monary veſſels, is ſtill more evidently demonſtrated by the fol- 
lowing experiment of Dr Muſprave: A dog whoſe trachea 
was cut, juſt below the permum adami, and cloſe ſtopt with a 
cork, after a few violent ſtruggles, died in two minutes; and, 


and 
Vid. Faau perſpirat. Hippocrat. dicta, ſect. 160, 161, 162, & 170, 


252 Of the Virar and 


SOME may perhaps think the ſudden 
death of animals deprived of the benefit of 
reſpiration, 


and auricle of the heart, together with the great trunks of the 

cava, were diſtended with blood to an exceſſive degree; while 

the pulmonary veins, left auricle and ventricle of the heart, 

were almoſt quite empty, not containing more than a ſpoonful 

of blood *. 

It may be thought perhaps that the force of this experiment 
is weakened by one of Dr. Hooks, who having cut away the 


ribs, diaphragm and pericardium of a dog, and pricked the 
outer coat of the lungs with a pepknife, preſerved him alive, 
by keeping his lungs fully diſtended with a continued blaſt of 
air, which be made to paſs through them by means of a pair 
of double beilows F. But as the blood flows much more free- 
ly through the pulmonary veſſels when the lungs are inflated, 
than when they are collapſed, it is by no means ſurpriſing, 
that in this dog, which had loſt a great deal of blood during 
a former experiment, the inflated lungs ſhould afford an eaſy 
enough - paſſage to the ſmall quantity of this fluid that would 
be thrown into their veſſels by the contraction of the right 
ventyicle of the heart; eſpecially if we conſider, that the con- 
ſtant ſtream of air muſt neceſſarily, while it was paſſing 
through the lungs, and eſcaping by the ſmall wounds made in 
their external ſurface, have communicated a conſiderable aſcil - 
latory motion to all their, velicles and veſſels, whence the 'mo- 
tion of the blaod through: them would be greatly promoted. 
And that a very ſmall agitation of the lungs may be ſufficient 
to keep up the circulation through their veſſels, and preſerve 
life, p:zinly appears from the faintings which hyſterical people 
are ſometimes ſubject to. In theſe faintings, which I have = 
la 


* Philoſophical TranſaRt, abridged, Wh. 3 Br 61. 
1 Wag. p: 66, 
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reſpiration, is owing rather to the want of 
ſomething in the air which ſupports the vi- 
tal flame. But without entering into a 
diſcuſſion of thoſe arguments 'which may 
be brought for and agaiuſt this opinion, I 
ſhall only obſerve, that ſince a fetus can live 
a conſiderable time without reſpiration, 
when ſeparated from its mother and invol- 
ved in its fecundines, its dying ſooner for 
want of air, after it has once breathed, can- 
not be owing ſolely to the defect of any 
thing which this fluid might communicate 
to the blood in the lungs, but muſt be de- 
duced from the change made in the pulmo- 
nary veſſels by reſpiration, as has been a- 

dove 


laſt from 5 to near 15 minutes, the pulſe beats à very little 


ſlower and feebler than before, but with its uſual regularity ; 
while in the mean time there is no motion of the {horax obſer- 


yable to the eye; however, by holding a lighted candle near 
the mouth, one can eaſily diſcover that they breathe, though it 


be very weakly and flowly. Further, in Dr Hoot's experiment, 
the paſſage of the blood through the pulmonary veſſels muſt 
have been much freer than it is in ſound animals, whole lung: 
are kept in a ſtate of full inſpiration, becauſe they are, while iq 
this ſtate, conſiderably preſſed upon by the rarified air endea · 
vouring to inflate them more and more on the one hand, and 
the ſides of the thorax reſiſting this inflation on the other, 
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bove explained. And this reaſoning is 
confirmed from the obſervation, that ani- 
mals, through whoſe lungs a {mall ſhare on- 
ly of the blood circulates, can ſuſtain the 
want of air much longer than man and the 
other more perfect animals, in which the 
whole maſs of blood paſſes thro' the pulmo- 
nary veſſels: as likewiſe that new-born ani- 
mals, which have breathed only for a ſhort 
time, do not die ſo ſoon in the air-pump as 
others do *. 

HavinG thus ſhewn at large, that the 
vital and other involuntary motions of ani- 
mals are all owing to ſtimuli of one kind or 
other, acting either immediately upon the 
organs moved, or on ſome neighbouring 
part with which they ſeem to have a pe- 
culiar ſympathy; it remains that we 
next inquire, whence this power of ſti 
muli over the muſcles of animals muſt be 
derived? | | 


SECT. 


* Philoſophical Tranſact. abridged, vol, 2. p. 217, & 218. 
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of the reaſon why the muſcles of auimals are 


excited into contraction by ſtimuli, 


* 


122 muſcular fibres of animals are ſo 

framed, as to contract whenever a 
cauſe proper to excite their action is applied 
to them, or, in defect of this, always to re- 
main at reſt. This cauſe is either an effort 
of the will *, or a ſtimulus of ſome kind or 
other: to the former are owing the volun- 
tary motions; and to the latter all ſuch as 
we call vital and ſpontaneous. 

How or in what manner the will acts up- 
on the voluntary muſcles, ſo as to bring 
them into contraction, is a queſtion wholly 
beyond the reach of our faculties; and, in- 
deed, were it otherwiſe, the anſwer would 
be of no great importance, it being ſuffi- 
cient that experience convinces us the will 
is really poſſeſſed of this power. But, in 
this our endeavour to trace the vital and 
Aſp other 


* Sect. 1. No . above. 
+ Ibid, Ne 8. 
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other involuntary motions up to their firſt 
ſource, it ſeems to bs a matter of no ſmall 
moment, to inveſtigate the cauſe or cauſes 
which enable ſtimuli of various kinds to ex- 
cite the muſcles of living animals into con- 
traction. And here, 


1. SOME have contented themſelves with 
aſcribing the contractions of muſcles conſe- 
quent upon pricking, tearing, ſtretching, 
or otherwiſe ſtimulating them, either by 
the application of ſolid bodies or acrid 
fluids, to the, elaſtic power of their fibres“; 
but without informing us particularly, whe- 
ther by this they only underſtood that re- 
markable power of reſilition belonging to 
many bodies, and from which they are na- 
med elaſtic, or ſomething different from, 
or ſuperadded to this. However, theſe au- 
thors would have done well to conſider, 
that an elaſtic body, of whatever kind it 

may 


* Bagliv. opera, 4to, lib. de fibra motrice, cap. 11. P- 335. 
& Diſſert. de anat. fibrar. et motu muſcul. p. 403. 

F. Hoffman. ſyſtem. med. lib. 1. ſect. 1, cap. 3. N? 17 
& 18. | 
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may be ſuppoſed, is no more than a piece 
of dead inactive matter, without any power 
of generating motion; and that though it 
ever recoils with a force proportional to 
that which bent or wound it up, yet it does 
this only in conſequence of its being acted 
upon, and not from any proper agency 
of its own: That the ſharpeſt needle 
does not produce ſtronger vibrations in the 
ſpring of a watch, than a blunt one acting 
upon it with equal force; and that ſpirit 
of wine, or oil of vitriol, dropt upon the 
moſt highly elaſtic body, diſturb not its 
ſtate of reſt, any more than the mildeſt 
milk, or oil of almonds. Whereas the con- 
trary of all this is true with reſpect to the 
action either of ſtimulating ſolid bodies or 
acrid fluids upon the muſcular fibres of ani- 
mals; whence it follows, that the motions 
they produce are not to be explained by any 
elaſtic powers, which, it may be imagined, 
theſe fibres are endued withal. 


2. OTHERS, giving ſcope to a lively i- 
magination, have fancied the animal ſpirits 


lodged in the cavities of the muſcular 
K k fibres, 
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fibres, to conſiſt of a number of little 
ſprings wound up, which, by the applica- 
tion of ſtimulating bodies, being put into 
vibratory motions, dilate theſe fibres, and 
ſo render the whole muſcle ſhorter . Not 
much different from this is the opinion of 
the illuſtrious Dr Senac, who tells us, in his 


accurate Treatiſe upon the heart , that 


this muſcle is brought into contraction by 
the returning venous blood, which dilates 
its ventricles, and ſtretches their conſtitu- 
ent fibres in ſuch manner, as to excite an 
oſcillation in the animal ſpirits lodged in 
them, and conſequently to make the muſ- 
cular ſubſtance of the heart ſwell and be- 
come hard. 

Bur, waving the objection, that as the 
nature of the animal or vital ſpirits, as they 
are called, is altogether beyond our ken, e- 
very account of muſcular motion from a ſt; 
mulus which depends on their peculiar. e- 
nergy or manner or action, muſt therefore 

be merely hypothetical! and precarious at 


belt ; may it not well be aſked, why, if 
_ muſcular 


„ Lientaud. element. Phyſiolog. p. 71, 72. & 261. 
F Vol. 1. lib. 2. Cape 3, 


— 
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muſcular contraction from a ſtimulus were 
owing to the animal ſpirits excited into an 
oſcillatory motion, ſhould preſſing the belly 
of a muſcle with a ſmooth body produce a 
weaker oſcillation than pricking it with a 
pin, which is applied with leſs force, and at- 
fects only a very few of its fibres? or why 
ſhould one and the ſame irritating cauſe act- 
ing on the fibres of an inflamed mulcle, raiſe 
a much more violent oſcillation of the ner 
vous fluid, than when applied ro a muſcle 
in a ſound ſtate ? —Beſides, ſuppoſing the 
animal ſpirits lodged in the muſcular fibres 
to be ever ſo elaſtic, would it not be in vain 
to go about deducing the motions of muſ- 
cles conſequent upon a ſtimulus from this 
property, ſince elaſtic bodies, as was obſer- 
ved above, never, of themſelves, generate 
motion, but recoil only with a force pro- 
portional to that wherewith they are acted 
upon. If it be pretended, that the animal 
ſpirits differ from other elaſtic bodies, or 
owe their oſcillatory motion to ſome other 
cauſe *, no ſatisfaction, ſurely, can ariſe - 
from ſuch a refuge in ignorance ; for theſe 

ſpirits 


Senac. Traite du coeur, vol. I. p. 452. 
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ſpirits muſt either act entirely as a mechani- 
cal power or not: if the affirmative be ad- 
mitted as true, it muſt alſo, at the ſame 
time, be confeſſed, their reaction, like that 
of other elaſtic bodies, can never exceed the 
power acting upon them and putting them 
in motion: but if their action, inſtead of 
being properly mechanical, be aſcribed to 
ſome unknown active properties, this will 
be found to be not only a mere hypo- 
theſis, but ſuch a one as will hereafter 
be proved utterly irreconcileable with the 


phænomena of muſeular contraction from 
li muli. 


3. Ir may be thought, that muſcular 
contraction is owing to ſome kind of explo- 


ſion, ebullition or efferveſcence, occaſion- 
ed by the mixture of the nervous and 
arterial fluids, or perhaps to the peculiar e- 
nergy of ſome very ſubtile ethereal or elec- 
trical macter reſiding in the nerves; and 
that as theſe cauſes may be brought into 
action by the power of the will, in order to 
voluntary motion, ſo, in the caſe of invo- 


luntary motion, they may be neceſſarily 
On determined 
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determined to exert their influence, by the 
mechanical action of heat, ſharp inſtru- 


ments, or other /timulj applied to the fibres 
or nerves of the muſcles, 

Bur, without inquiring how far the con- 
traction or intumeſcence of a muſcle may 
be owing, or not, to any of the cauſes now 
mentioned, it will be no difficult matter to 
ſhew that they cannot, without the inter- 
vention of ſome other agent, be excited to 

| | exert 


* Dr Kobinſon has aſcribed muſcular contraction from heat, 
punctures, @c. to their exciting a vibrating motion in the ther 
within the nerves and membranes of the muſcles; and thinks 
that the exploſion of the electrical vapour bi iugs the muſcles 
into a ſtrong and ſudden contraction, by raiſing a ſtrong vi- 
brating motion in the ther lodged in their nerves and mem- 
branes. Animal Economy, prop. 8. and Diſſert ation on Sir 
Jſaac Newton's #ther, Appendix, p. 149. ——Dr Langriſh al- 
lo is of opinion, that warmth and pricking with a needle re- 
new the contraction of the heart, by putting in motion the 
ethereal matter of the nerves. Cronean Lectures, ſect. 127. 
and 151.——And as of late years there has appeared a fond- 
neſs in ſome, to explain almoſt every hidden operation in na- 
ture by electricity, I thought it might not be improper to 
ſhew, that the electrical aura, even ſuppoſing it were the MA» 
TERIAL cauſe of muſcular contraction, will not enable us to 
account for the motions of muſcles, whoſe fibres or membranes 
are pricked, torn, or otherwiſe ſtimulated, 
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exert themſelves by the various /limuli 
which are obſerved to bring. the muſcles of 
animals into contraction: for a fluid lodged 
in the nerves or muſcular fibres, though of a 
nature fit to produce exploſions, efferveſ- 
cences, Oc. is by no means ſufficient for 
any of theſe purpoſes, unleſs a cauſe peculi- 
arly adapted to excite ſuch motions be ap- 
| plied to it. Thus gun-powder produces no 
exploſion without the aſſiſtance of fire; nor 
are electrical effiuvia excited into action, 
but by the attrition of certain bodies, Al- 
calies then only raiſe a commotion . when 
mixed with acids; and no efferveſcences or 
ſudden ebullitions can be produced, without 
the mixture of ſubſtances diſagreeing in 
their qualities. Fire applied to a glaſs globe 
will not produce electricity, any more than 
friction will make an alcaline liquor effer- 
veſce, or the mixture of an acid ſet gun- 
powder in a flame. If therefore muſcular 
motion were owing to any of the cauſes a- 
bove mentioned, it might reaſonably be ex- 
pected that it would only follow upon the 
application of certain kinds of //imuli to the 
muſcular fibres: but we know from experi- 
ence, 
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ence, that inſtruments of different metals, 


provided their ſharpneſs and figure be the 


fame, have an equal power of bringing the 
muſcles of animals into action: — that it 
makes no odds whether the ſtimulating ſub- 
ſtances be electrics per ſe, or non- electrics. 
that acrid liquors of quite oppoſite natures 
have much the ſame effect, if their degree 
of pungency be equal :— that acids, alca- 
lies, neutral ſalts, hear, pricking, tearing, and 
in ſhort every kind of irritation, excite muſ- 
cles of animals into contraction; and that 
there is no difference in the motions they pro- 
duce, except what ariſes from their acting 
as ſtronger or weaker ſtimuli, i. e. from their 


irritating the part more or leſs. 
FURTHER, No violent motion is produ- 


ced by any bodies in nature, however ac- 
tive, unleſs the peculiar cauſes neceſſary to 
produce ſuch motion be applied to them : 
but in order to the contraction of a. muſcle, 
it is not neceſſary that the /timulus ſhould 
be applied to its fibres; it is enough that 
the common membranes covering them are 
irritated, the ſame effect being hence pro- 


duced as from wounding the very fibres of 
the 
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the muſcle. This is evidently fact, in the 
caſe of the heart, ſtomach, inteſtines, and 
bladder ; nay, many times, muſcles are ex- 
cited into action by a ſtimulus affecting a re- 
mote part with which they have no imme- 
diate connexion, or ſo much as even a com- 
munication. by means of nerves, unleſs it be 
that general one ſubſiſting between all the 
parts, as their nerves are derived from the 
ſame brain. Thus any thing which affects 
the interior membrane of the ſtomach at- 
ter a diſagreeable manner, brings the dia- 
phragm and abdominal muſcles into convul- 
five contractions: the action of light, as a 
ſtimulus, upon the tender retina, is followed 
by the contraction of the orbicular muſcle 
of the avea, and according to the various 
impreſſions made by ſounds upon the audi- 
tory nerves, the muſcles of the internal ear 
are contracted variouſly. 

LAST L, As the electrical effluvia, exci- 
ted by the friction of certain bodies, are not 
emitted by fits and ſtarts, but in a conti. 
nued equable ſtream, ſo neither do the ex- 
ploſions or efferveſcences produced by the 


mixture of ſubſtances of diſagreeing natures 
exert 
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exert themſelves, like irritated muſcles, by 
alternate efforts. As little will the oſcilla- 


tions of an elaſtic æther (ſuppoſing the ani- 


mal ſpirits to be of this nature) ſerve to ex- 
plain this phenomenon, ſince theſe muſt al- 
ways follow the laws of vibration obſerved 
in other elaſtic bodies, which yet are utter- 
ly inconſiſtent, as we ſhall have occaſion of 
proving, below, with the alternate and vibra- 
tory-like contractions of muſcular fibres oc- 
caſioned by irritation. Upon the whole then, 
we may fairly conclude that the contraction 
of an irritated muſele cannot be owing to 
any efferveſcence, exploſion, ethereal oſcil- 
lation, or electrical energy excited in its 
fibres or membranes, by the mechanical ac- 
tion of Aimuli upon them. 


4. SEVERAL Phyſiological writers have 
ſuppoſed ſome latent power or property in 
the muſcular fibres of animals, to which 
their motions, in conſequence of an irrita- 
tion, are to be referred “. 


14 | BuT 


* Peyer. Parerg. anatom. 7. p. 198. 
Haller. not. in Boerhaave iuſtitut. med. vol. 4. p. 61 5. & 
6177. 
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BuT this opinion ſeems to be no more 
than a refuge of ignorance, which nothing, 
but the deſpair of any ſucceſs in their in- 
quiries into this matter, can have driven 
them into. For, if they here mean ſome 
unknown active powers reſulting from the 
peculiar conſtitution or mechanical ſtruc- 
ture of a muſcular fibre, it may be ſufficient 
reaſon with us for denying there are any 
ſuch latent cauſes, that the aſſertors of 
them have hitherto been as unable to vin- 
dicate their exiſtence by phenomena which 
cannot be explained without them, as to 
ſpecify their true nature; beſides that it muſt 


appear greatly unphiloſophical to attribute 


active powers to that, which however mo- 
eons anna dified 


617. Comment. I. C. H. in Boerhaave inſtitut. med. vol. 5. 
p. 101 & 104. „ 

M. de Haller, ſince the firſt Edition of this Eſſay was pu- 
bliſhed, has endeavoured to ſhe that the motions of irritated 
Muſcles are owing to the glutinous matter connecting thoſe 
earthy particles of which their fibres are compoſed ; and he 
ſuppoſes irritability to be a particular property of that pluti- 
nous ſabſtance, in like manner as gravity is a property of mat- 
ter in general. This notion, however, I have ſufficiently re- 
futed in my Phyſiological Eſſays, Edit. 2. p. 179.—185, & 
p- 311. & 312. 
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dified or arranged, is yet no more than a ſy- 
ſtem of mere matter; powers I ſay, which 
are not only confeſſedly ſuperior to the ut- 
moſt efforts of mechaniſm, but ſeemingly 
contrary to all the known properties. of 
matter. | 
FURTHER, the influence of ſtimuli in ex- 
citing even thoſe muſcles, to which they are 
not applied, into contraction, plainly argues 
ſuch motion not to ariſe from any hidden 
power in the muſcle being called into ac- 
tion by the mechanical effect or operation 
of the ſtimulus. Every attempt, therefore, 
towards explaining the motions of irritated 
muſcles, from properties which their fibres, 
conſidered as mechanical inſtruments, ever 
ſo exquiſitely framed, or nicely adjuſted, 
can be ſuppoſed endued withal, muſt be 
vain and fruitleſs; for as well might we 
pretend the eye ſees objects, and the ear 
hears ſounds, purely by virtue of their 
being material organs, as imagine the mo- 
tions of animal fibres from a fimulus, 
to be owing ſolely to their mechanical 
ſtructure, or to the peculiar arrangement 
and diſpoſition of their parts. 
5. SOME 
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5. SOME may, perhaps, be of opinion, 
that the all-wiſe AUTHOR of nature hath 
endued the muſcular fibres of animals with 
certain active powers, far ſuperior to thoſe 
of common matter, and that to theſe 
the motions of irritated muſcles are owing, 
And indeed we cannot but readily acknow- 
ledge, that he has animated all the muſcles 
and fibres of animals, with an active ſentient 
PRINCIPLE united to their bodies, and 
that, to the energy of this PRINCIPLE, 
are owing, the contractions of ſtimula- 
red muſcles. Bur if ir be imagined that 
he has given to animal fibres a power of 
ſenſation, and of generating motion, with- 
out ſuperadding or uniting to them an 
active PRINCIPLE, as the SUBJECT and 
CAUSE of theſe, we preſume to ſay, that a 
ſuppoſition of this kind ought by no means 
to be admitted; ſince, to affirm that mat- 
ter can, of itſelf, by any modification of 
its parts, be rendered capable of ſenſation, 
or of generating motion, is not leſs ab- 
ſurd, than ro aſcribe to it a power of think- 
ing. Matter, as far as we can judge of it 
by all its known properties, appears to be 
incapable 


\ 
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incapable either of ſenſation or thought: 
and the whole phenomena of the mere ma- 
terial world evidently ſhew, that it acts in- 
variably according ro certain laws pre- 
ſcribed to it, and without any feeling, in- 
clination or choiſe of its own; nor is 
there any thing more reſembling will, 
ſelf determination, or real active power 
in the moſt refined and ſubtile parts of 
matter, than in the groſſeſt and moſt 
ſluggiſh. 5 

Ir then the effects of ſtimuli upon the 
muſcular fibres of animals, cannot be dedu- 
ced from any property or powers belonging 
to them, as mere MATERIAL Organs, it 
remains, that they are owing to an ac- 
tive ſentient PRINCIPLE animating theſe 
fibres. - Bur this will more evidently ap- 
pear from the following conſiderations. 


I. Stimuli applied to the muſcles of 
animals, when laid bare, produce, inſtead 
of only one contraction laſting for a con- 
ſiderable time, ſeveral contractions and 
relaxations alternately ſucceeding each o- 
ther, which become gradually weaker, and 
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are repeated after longer intervals, as the force 
of the irritating cauſe is diminiſhed *. Now, 
theſe alternate contractions are eaſily ac- 
counted for, if we ſuppoſe them to proceed 
from a ſentient PRINCIPLE, which, in or- 
der to the getting rid of the pain or uneaſy 
ſenſation that ariſes from the irritation of 
the muſcle, determines the influence of 
the nerves into its fibres more ſtrongly 
than uſual. For, if by one or two con- 
tractions the irritating cauſe be thrown off, 
and, together with it, the diſagreeable 
ſenſation removed, the muſcle will returu to 
its former ſtate of reſt; if otherwiſe, it 
will continue for a longer time to be agi- 
tated by alternate convulſive motions, 
which will be more or leſs forcible, and re- 
peated after ſhorter or longer intervals, in 
proportion as the ſtimulus and painful ſen- 
ſation hence enſuing are ſtronger or weak- 
er. The titillation of a flighter ./timulus 
will be ſo much weakened by the firſt con- 
traction of the muſcle, that ſome ſpace of 
time muſt intervene before it will be able 


10 


Sect. 1. No 19, & 11, above. 
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to produce a ſecond: whereas the ſmart 
pain, which follows a ſtrong irritation, 
affects the ſentient principle ſo powerfully, 
that no ſooner is the muſcle relaxed, than 
a new contraction neceſſarily ſucceeds, 
Thus a gentle irritation of the left orifice 
of the ſtomach occaſions only a flighter 
hiccup or convulſive contraction of the 
diaphragm, which, too, is not repeated 
till after conſiderable pauſes; while a 
oreater irritation, not only excites ſtronger 
convulſions of this muſcle, but alſo a 
quicker repetition of them. 

Way the ſentient principle, in conſe- 
quence of a painful ſenſation, does not keep 
ſuch muſcles as are irritated in a continu- 
ed ſtate of contraction, but allows them 
to be alternately relaxed, ſhall be after- 
wards explained. 

Ir the contraction of an irritated muſcle 


were owing to the action of the /timulus 


upon it as a mere mechanical organ, then, 
lo long as the ſtimulus continued to act 


equably, the muſcle ought to remain e- 


qually contracted, and, upon its ceaſing, 
the muſcle ought to be relaxed; or rather 
the 
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the muſcle, upon the firſt application of 
the ſimulus, ought to be ſuddenly contract- 
ed; which contraction ſhould become weak- 
er by flow degrees, till at length the muſcle 
had returned to its natural ſtate of relaxa- 
tion. If a few drops of any acrid liquor 
let- fall on a bare muſcle, or pricking it 
with a needle, excites it into contraction, 
as a mechanical caufe acting upon a mecha- 
nical organ; then, ſo long as the cauſe acts 
on the organ, the effect muſt continue to 
follow; and if the cauſe becomes gradually 
weaker, ſo alſo muſt the effect, till it ceaſes 
altogether, i. e. the muſcle ought not to be 
agitated with alternate convulſive motions ; 
bur, after its firſt and ſtrongeſt degree of 
contraction, it ſhould begin to loſe ſome of 
its force, and continue to do ſo, till it re- 
turned again to its natural ſtate, 

War moſt reſembles muſcular contrac- 
tion from an irritation, is the falling or clo- 
ſing of the leaves of the ſenſitive plant after 
being touched: but this equally happens, 
whether theſe leaves be touched with 
the ſharp point of a penknife, or the blunt 


end of a pencil, with a piece of ſmooth wax 
or 
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or rough iron, with brandy ,or with water. 
Here, there are no alternate contractions 
and relaxations, as in the muſcular fibres of 
animals; no indication of feeling or of being 
peculiarly affected by ſtimulating ſubſtances ; 
but all is effected by mere contact or mecha- 
nical impulſe. I cannot help obſerving in 
this place, though foreign to my preſent 
purpoſe, that the cloſing of the leaves of 
the ſenſitive plant upon their being touched, 
cannot be owing, as ſome have lately ima- 
gined, to the electrical matter iſſuing from 
them; ſince the touch of wax, which repels 
this matter, makes them cloſe as remarkably, 
as that of non- electric bodies: nay, a piece of 
wax ſtrongly: electrified by rubbing; made 
the leaves of this plant quickly cloſe, by 
attracting them to it ann a conſiderable 
forco. 

Ir it be faid, ha 8 elaſtic oe of the 
muſcles, or the nervous fluid ſuppoſed to be 
contained in their cavities, are excited by 
/limuli into ſtrong oſcillations, which are 
repeated till the irritation” ceaſes, or even 
for ſome time after; Tanfwer, 
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4 THAr it is not eaſy to conceive how 
| ſuch ſtimuli as do not act by any mechanical 
force, but merely by their acrimony, ſhould 
excite an oſcillatory motion in the ſuppoſed 
elaſtic fibres of the muſcles, or in the ani- 
mal ſpirits lodged in them. But not to in- 
ſiſt on this, 

Ir the motion of our ET from a /ti- 
mulus were owing to elaſtic vibrations of any 
kind whatever; how could the ſphin&er pu- 
pille and the muſcles of the internal ear, 
continue uniformly and equally contracted 
for a conſiderable time, which they never 
fail to do, when the ſtimuli affecting them 
act with unvaried force? And why ought 
they not rather to be agitated by a number 
of quickly repeated contractions? Nay, the 
continued, uniform and equal contraction of 
the voluntary muſcles would be impoſſible, 
if their motion was oning to "wy r ol- 
cillations. un eo, 211 

y lr muſcular motion from a ſfimulu- 
were the eſſect either of the vibrations of 
the nervous fluid or of the ſolid elaſtic fi- 
bres of the muſcles themſelves, the alter- 


nate contractions of an irritated muſcle, like 
the 


led — — 2 
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the vibrations of elaſtic bodies, ought to 
follow one another at equal intervals, nor 
would they be more ſlowly repeated as they 
become weaker, and were about to ceaſe; 
which however is the caſe. A muſical 
chord, a bell, or any other elaſtic body, per- 
forms its vibrations in equal times, whether 
it be acted upon by a ſtronger or a weaker 
force; and its oſcillations follow one ano- 
ther, from firſt to laſt, with an equal 
degree of ſwiftneſs: In like manner the 
elaſtic pulſes Which theſe bodies communi- 
cate to the ambient air, ſucceed each other 
as quickly in diſtant places, where the ſound 
is faint, as in thoſe near the ſonorous body, 
where it is ſtronger. Since therefore the 
alternate contractions of irritated muſcles do 
not follow the law of the vibration of elaſtic 
bodies, but become remarkably ſlower when 
they decreaſe in ſtrength, and before they 
ceaſe altogether ; it follows with all the force 
of demonſtration, that they cannot be owing 
to any elaſtic vibrations excited in the muſ- 


cular fibres, or in the nervous fluid contain- 
ed 


276 Of the VITAL and 


ed in them. Bur of this more fully after- 
wards *. 121154 


2. Ir it were conſtantly. obſerved, that 
ſuch muſcles only as had their fibres imme- 
diately ated upon by ſtimuli, were excited 
into contraction, then indeed it might be 
ſuſpected wit h greater ſhew of reaſon, that 

ſuch motions were no more than a neceſſa- 
ry conſequence of the mechanical action of 
thoſe ſimuli upon the muſcular fibres: but 
as we find the muſcles of animals brought 
into action without any irritation of their 
fibres, Whenever a ſtimulus is applied to the 
coats or membranes covering them, to the 
nerves which are ſent to them, or to ſome 
neighbouring or even diſtant part, it ſeems 

_ abſurd to imagine ſuch mation owing to 
the mechanical action of the /imulus upon 
the fibres of the muſcle, and not to the im- 
preſſion it makes on the ſentient principle. 
Thus the contractien of the ſphincter pupil. 
le ariſing from the action of light on the 
retina, With which it has no communica- 

| tion 

* Vid. ſect. xiv. below, on the motion of the muſcles of a+ 
nimals when ſeparated from the body. 
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tion of nerves, cannot poſlibly be explain- 
ed mechanically, but muſt be owing to 
ſome ſentient principle in the brain, which, 
excited by the uneaſy ſenſation, increaſes 
the action of the nervous power upon that 
muſcle, The ſame thing is alſo true of 
the various motions of the muſcles of the 
malleys and fiapes from different ſounds ſtri- 
king upon the audirory nerve; and of the 
motions of the eye-lids, as often as any thing 
irritates the cornea, be it ever ſo gently. — 
The contraction of the diaphragm and in- 
tercoſtal muſcles, in conſequence of an un- 
eaſy ſenſation in the lungs, muſt alſo be 
owing to the mind or ſentient principle act- 
ing at the origin of the nerves, and nor 
to any change wrought mechanically upon 
the fibres of theſe muſcles, by the difficult 

paſſage of the blood through the pulmona- 
ry veſſels. The violent action of the dia- 
phragm and abdominal muſcles in a reneſmus 
or ſtrangury is to be explained in the ſame 
way.——lt a ſpark from the fire, or a drop 
of boiling water, falls upon one's foot, the 
leg is inſtantly drawn in towards the body; 
but as the muſcles employed in this ation 
are 
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are thoſe which run along the thigh, and 
are inſerted about the head of the 7ibia, 
it is manifeſt that this ſtimulus cannot excite 
thoſe muſcles into contraction in conſequence 
of any mechanical action upon them; and 
if the ſympathy of the nerves, or continua- 
tion of membranes, ſhall be alledged as the 
cauſe of this motion, it may be juſtly de- 
manded, why the muſcles which run along 
the leg, and are inſerted into the foot, are 
not more remarkably moved than thoſe of 
the thigh, ſince they have a nearer con- 
nexion with that part to which the ſtimulus 
is applied ; or why the extenſors of the leg 
are not brought equally into action with 
its flexors. It remains therefore that the 
motion of the leg, in this caſe, be attributed 
to the pain or uneaſy ſenſation excited by 
the fire or boiling water, for avoiding of 
which the ſentient principle is inſtantly de- 
termined to put the flexors of the leg in 
motion, and ſo to remove the member from 
the offending cauſe. Nay, where the fi- 
mulus is applied to the membranes or tegu- 
ments covering the muſcles, it ſeems highly 
probable, that the ſubſequent contractions 

ale 
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are not owing to any change firſt made on 
their fibres: thus the convulſive motions 
of the intercoſtal and other muſcles of the 
trunk of the body, which are excited by 
tickling the ſides, muſt undoubredly be 
aſcribed to the mind, which, in order to 
avoid the difagreeable titillation, puts theſe 
muſcles in action, and not to any immedi- 
ate influence the tickling, can have on their 
fibres; otherwiſe why ſhould the fame me- 
chanical action of our own, and of another 
perſon's fingers, affect us ſo differently? 
Tincture of ipccacuanba_ applied to the in- 
ternal ſurface of the ſtomach, does not 
ſeem to produce the convulſive contrac- 
tions of that organ in vomiting, by im- 
mediately affecting its muſcular coat, which 


is defended by the nervous and villous ones, 
but by irritating its nervous papille, and 
thence affecting the mind or ſentient prin- 


ciple. 


branes or coats immediately covering any 
muſcle, excite it into contraction by the in- 
tervention of the mind; is it not reaſon- 
| able 


St Nc, therefore, ſtimuli applied, not on- 
ly to remote parts, but alſo to the mem- 
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able to think, that even when the muſcles 
themſelves, or a few of their fibres, are irri- 
tated, the ſubſequent motions are owing, to 
the mind's being excited, from a diſa- 
greeable ſenſation, to determine the influ- 
ence of the nerves more ſtrongly into 
them? This, however, will ſtill further 
appear, if, 

3. Wx conſider, that not only an irri- 
tation of the muſcles of animals, or parts 
neatly connected with them, is followed by 
convulſive motions; but that the remem- 
brance or idea of ſubſtances, formerly ap- 
plied to different parts of the body, pro- 
duces almoſt the ſame effect, as if thoſe 
ſubſtances themſelves were really preſent. 
Thus the ſight, or even the recalled iden of 
grateful food, cauſes an nncommon flow of 
ſpittle into the mouth of a hungry petſon ; 
and the ſeeing of a lemon cut produces the 
ſame effect in many people. The ſight 
of a medicine that has often provocked 
vomiting, nay the very mention of its 
name, will in many delicate perſons raiſe a 
nauſea ; and they are affected much in the 
ſame manner when they behold any one 
under 
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under the violent operation of an emetic.— 
The apprenſion or fear of having ont's ſides 
tickled, cauſes almoſt the ſame motions in 
the trunk of the body, while another per- 
ſon threatens or attempts it, as tick- 
ling itſelf would do, though in a leſs de- 
gree. 101 E f. 1018-11 
 FukTHER, That many very remarkable 
changes and in voluntary motions are ſud- 
denly produced in the body by the various 
affections of the mind, is undeniably evin- 
ced from a numbet of facts. Thus fear 
often cauſes a ſudden; and uncom mon flow 
af pale urine. Looking much at one trou- 
bled with: ſore eyes, has ſometimes affected 
the ſpectator with the ſame diſeaſe. Cer- 
tain ſounds occaſion a ſhivering over the 
whole body. — The noiſe of a bagpipe has 
raiſed in ſome perſons an inclination to 
make: urine. —The; ſudden appearance of 
any frightful object, will, in delicate peo- 
ple, cauſe an uncommon, palpitation of che 
heart. — The ſight of an epileptic perſon 
agitated with convulſions, has brought on 
an epilepſy; and yawning is ſo very catch- 
ing, as freguently to be propagated through 
Nn whole 
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whole companies. In theſe caſes; the mo- 


tions produced in the veſſels of the eyes 
or eye-lids, in the heart, ſtomach and blad- 
der, in the ſecretory veſſels of the ſalivary 
glands and kidneys, in the mufcles em- 
ployed in yawning. Ge. cannot be owing 
to the mechanical action of the cauſes 
above mentioned upon the fibres of the 
parts moved: for what particular con- 
nexion is there between the optic and audi- 
tory nerves, and thoſe which ſerve the 
heart, ſtomach, bladder of urine, mouth, 
ſalivary glands, and the muſcles which de- 
preſs the lower jaw and move the trunk of 
the body? All the nerves do not at laſt 
terminate in a point, but in à large ſpace 
of the brain; wherefore rhe conſent be- 
tween them cannot be deduced from their 
contiguity, but muſt be owing to a ſentient 
PRINCIPLE, which is preſent, AT LEAST, 
wherever the nerves have their origin, 
and which, accordingly as it is variouſly af- 
fected, produces motions and ir e in 
different parts of the body. 

Ie then external cauſes afieting the 


um do, by the intervention of the mind 
51 1 * or 


r 


Q o& ww Tt 


d 


Or 
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or ſentient principle, produce remarkable 
changes in the muſcles of ſpontaneous as 
well as of voluntary motion; and if the 
idea of a ſtimulus has, in many caſes, almoſt 
the ſame effect as the thing itſelf; is it not 
highly reaſonable to think, that ſtimulating 
ſubſtances applied to the muſcles of animals 
excite them to contract, not by any imme- 
diate mechanical action upon their fibres, 
not by producing an unintelligible explo- 
ſion or efferveſcence, or exciting ſtrong vi- 
brations in any ethereal or electrical mat- 
ter ſuppoſed to be lodged in theſe fibres or 
their nerves; but by diſagreeably affecting 
the ſentient PRINCIPLE, in conſequence of 
which it increaſes the action of the nervous 
power upon the fibres of thoſe muſcles which 
are ſtimulated. -. And there is the leſs reaſon, 
to heſitate in admitting this doctrine, ſince 


the various phenomena, juſt now xecited 


ſeem undoubtedly to prove the preſence, 
agency and very extenſiye influence of, 
SOMETHING. in the bodies of animals, of 
a nature different from, and of powers ſus 
perior to mere matter, however modified, 
compounded or arranged, 4 = | 


Ip 


284 8 Of tbe VITAL and 


Ir ſtimuli excite the muſcles of animals in- 
to contraction by acting upon them, rather 
as ſentient than mere: mechanical or materi- 
al organs, it is eaſy ro ſee, why the mildeſt 
aliment is: apt to occaſion vomiting when 
the cdats of the ſtomach are inflamed, and 
why the heart is agitated with violent con- 
vulſions and palpitations as often as itſelf, 
or even the pericar dium, is affected with any 
degree of inflammation. In theſe caſes the 
ſtomach and heart are rendered extremely 
ſenſible aud impatient of any irritation ; 
whence the fimuli which were in ufe to af- 
fect them very * now excite them 1 in- 
to violent convulſions. ' [ 4.7 18901128} 51 

Ir has been obſerved above, that thoſe 
muſcles to whoſe fibres ſtimuli are applied, 
do not remain contracted for any conſiderable 
time; but are agitated with alternate con- 
tractions and relaxations. Thus any of the 
muſcles of the eye, by irritating their ten- 
dinous fibres with the point of a file, are ſet 
a beating almoſt like the heart of an ani- 
mal reh with Arent palpirarions * *. But 


in 
* M. Senac has fallen into a miſtake with reſpect to this 


matter, when he affirms that an irritation makes the muſcles 
of 
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in muſcles whoſe contraction is .owing- to 
the action of a ſſimulu upon ſome diſtant 
or neighbouring part, there is a diverſity 
obſerved ; ſome of them being uniformly 
contracted while the irtitating cauſe laſts, 
others alternately contracted and relaxed: 
thus che action of light and ſound upon the 


retina 


of liviog animals 68 *. one contraction, although the 
ſame cauſe produces many repeated contractions in the muſcles 
of thoſe that have been newly killed +; for, befides the in- 
ſtance of the muſeles of the eyes here mentioned; the heart of 
an animal is obſerved to be agitated with violent and quickly 
repeated convulſions when it is pricked with a ſharp inſtru. 
ment immediately upon opening the thorax ; and, if any other 
muſcle of a living animal be laid bare, it will, by irritating its 
fibres or membranes, be brought into alternate contractions. 

A ſtimulus therefore applied to the, muſcles of animals excites 
them, if it be any ways conſiderable, into alternate repeated 
cortraRions, whether the animals be alive or newly killed; 
only the convulſions in the former caſe are ſtronger and more 
remarkable than in the latter. , Nay, it will be difficult to re- 
concile this ſuppoſed difference i in the effect of an irritation on 
the muſcles of living and newly killed animals, with that prin- 
ciple which this learned author has laid down, namely, that the 
contraction of an irritated muſcle is owing to the reaction of 
the animal ſpirits lodged in its fibres, in conlequence of the 
action or impreſſion of the ſimulus upon them; for there does 
not appear any reaſon why the reacting power of the animal 
ſpirits ſhould continue to exert itſelf longer or more remarkably 


in the muſcles of dead animals, than in thoſe of living ones. 


J Traits du coeur, vol. 1. p. 473. 


» 
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retina and auditory nerves, produces an e- 
quable conſtant contraction of the /phinfer 
Fupille and muſcles of the internal ear; 
while an irritation of the membrane of the 
noſe and trachea is followed by alternate 
convulſive motions of the muſcles of reſpi- 
ration; and a titillation of the inferior ex- 
tremity of the gullet, by repeated contrac- 
tions and relaxations of the diaphragm. 
Tus very different effects of ſtimuli on 
different muſcles and organs of the body, 
which I may venture to pronounce altoge- 
ther inexplicable upon any mere mechani- 
cal theory, are eaſily accounted for from 
the principles already laid down: for if the 
contraction of an irritated muſcle be owing 
to the uneaſy ſenſation excited by the fi- 
mulus, as often as the firſt contraction does 
not remove this, the muſcle will be agitated 
with alternate convulſions, as being moſt 
proper to throw off the irritating cauſe. If 
indeed, by the firſt contraction, the diſa- 
greeable ſenſe of irritation be quite remo- 
ved, no further motion follows; but if it 
ſill remains, new convulſive * 16K will 


ſucceed, and continue to be ne alter- 
nately. 


8 


we 
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nately, till the ſtimulus either ceaſes entire- 
ly, and is no longer felt, or becomes too 
weak to produce a new contraction. But 
when the contraction of any muſcle occa- 
ſioned by the action of a fimulus on a 
neighbouring part, would, if it was alters 
nate, neither tend to remove the irritation, 
nor render the mind leſs ſenſible of it, in 
that caſe no ſudden relaxation follows, but 
the muſcle remains equally contracted as 


long as the ſtimulating cauſe continues the 
ſame. Let us now ſee how this general 
doctrine can be applied to the different 
ſpontaneous motions of animals. 

Tat alternate contractions and relaxa- 


tions of the muſcles of reſpiration in ſneezing, 


are moſt wiſely adapted to remove' the irri- 
tating cauſe from the membrane of the 
noſe, and to leſſen the uneaſy ſenſation ari- 
ſing from it: if, by the air, firſt ſtrongly in- 
ſpired and immediately after more forcibly 
expelled through the noſe, the ſtimulus af- 
fecting its nerves be removed, no new con- 
traction enſues ; if not, the action of ſnee- 
zing is ſkill repeated, till the titillation in the 
noſe ceaſes, or becomes too weak to produce 
a 
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a new convulſion. In ſneezing, inſpiration is 
only performed in order to make way for 
the ſucceeding violent expiration, which 
moſt effectually removes the uneaſy ſenſa- 
tion or irritating cauſe; at the ſame time, 
the ſtrong and ſudden contraction of the in- 
ſpiratory muſcles, acts, partly, as a kind of 
ſtimulus in exciting the ſubſequent convul- 
ſive motion of the expiratory ones. The 
alternate contractions of the diaphragm in 
the hiccup, and of the muſcles of reſpira- 
tion in coughing, evidently tend to remove 
or leſſen the uneaſy ſenſation in the gullet 


and zrachea, and are therefore not contiuu- 


ed, but interrupted by alternate relaxations, 
On the other hand, a ſtrong irritation of 
the inteſtinum rectum, from too great a quan- 


tity of excrement, produces a continued 


contraction of the abdominal muſcles and 


diaphragm, becauſe, in this caſe, the con- 
traction of theſe muſcles has no effect to leſ- 
ſen the uneaſy ſenſation, till the faces are 
expelled. Tis true indeed, that when one 
is coſtive, ſeyeral efforts of the diaphragm 


and abdominal muſcles are required before 


action 


any of the excrement is s expelled ; but the 


. 
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action of theſe muſcles is, in this inſtance, 
interrupted, not on account of the irrita- 
tion in the rectum, but in order to carry on 
reſpiration, which cannot long be ſuſpend- 
ed without occaſioning a moſt uneaſy ſenſe 
of ſuffocation in the lungs, by which we 
are more ſtrongly affected than by the ti» 
nulus of the feces. | 

Tk cauſes which produce the erection 
of the penis *, though they be generally 
excited into action by the fimulus of the 
ſeed, yer do not att by alternate fits, be- 
cauſe the erection has no immediate effect 
to leſſen the ſtimulating cauſe: but the 
contraction of the muſculi ejaculatores ſeminis 
is alternate, becauſe by each convulſive mo- 
tion, the ſemen, i. e. the irritating cauſe, 
is expelled. ——The orbicular muſcle of 
the uvea, and the muſcles of the malleus and 
flapes, remain equally contracted, while the 
ſame degree of light and ſound is applied 
to the eye and ear, becauſe their contrac- 
tion does not hinder theſe cauſes from act- 
ing uniformly and equally upon the retina 
| O o | and 


® See above, Se. vi. No 4. 


* 
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and auditory nerve ; but no ſooner is more 
or leſs light applied to the eye, or a ſtrong- 
er or weaker ſound to the ear, than 
theſe muſcles are more contracted or ſome- 
what relaxed. With reſpect to the heart, 
as the returning blood or irritating cauſe is 
alternately received into its cavities and ex- 
pelled out of them, it is eaſy to ſee why 
it ſhould, like the ejaculatores ſeminis, be a- 
gitated with regular alternate contractions. 
And as, by the Mole of every portion of 


the guts, the air, aliments, &c. are puſhed 


into the ſucceeding ones, the motion here 
muſt alſo be alternate; only not ſo equal 
and regular as in the heart, where the al- 
ternate action of the irritating cauſe is more 
uniform and unvaried. On the other hand, 
the bladder in expelling the urine, acts not 
alrernately, becauſe the /imulus remains pre- 
ſent with 1t, and an alternate motion of that 
organ would not have been ſo well adapted 


for the expulſion of the urine as its continu- 


ed contraction, oh” 
WIEN the fibres of a muſcle are irrita- 
ted, by tearing them with a ſharp inſtru- 


\v 
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ment or otherwiſe, a ſtrong convulſive con- 
traction inſtantly enſues ; which is ſudden- 
ly followed by a relaxation, becauſe an uni- 
form continued contraction would not be ſo 
well fitted to drive off the offending cauſe 
from the muſcle, as alternate contractions 
and relaxations: and we are ſo framed by 
the al-wiſe Au r HOR of nature, as ſpon- 
taneouſly, and without any previous refle- 
xion, to perform thoſe motions and actions 
which tend moſt effectually to the preſerva- 
tion of our bodies. It is probable, howe- 
ver, that the alternate relaxations of irrita- 
ted muſcles may be owing to the uneaſy 
ſenſation's being ſome way leſſened by each 
contraction * on account of which, the 


ſentient 


If any one doubts that the diſagreeable ſenſation, excited 
by the iri tation of a muſcle, will be leſs ſenſibly perceived du- 
ring its contraction, let him conſider that brutes, by the mo- 
tion of their panniculus carnoſus, not only drive off molt effec- 
tually flies and other inſects which vex them, but, by the very 
action of this muſcle, ſeem to be rendered leſs ſenſible of the 
tickling That friction of a part leſſens, in the mean time, 
any itching or painful ſenſation in it; and that people, whole 
bodies are uneaſy, often change poſtures, becauſe, during the 
motion of the parts neceſſary to this change, they are leis ſen- 


hble of the uneaſineſs. i 
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ſentient PRINCIPLE, as being now leſs af- 
feted, immediately allows the muſcle to be 
relaxed. This is manifeltly the caſe in the 
hiccup, where the convulſions of the dia- 
phragm weaken or ſuſpend, for ſome little 
time, the ſenſe of irritation in the inferior 
extremity of the gullet. The relaxations, 
however, of ſtimulated muſcles do not laſt 
for any conſiderable time, but are quickly 
ſucceeded by new contractions, becauſe the 
painful ſenſation ſoon begins again to affect 
the mind more ſtrongly : but as the irrita- 
tion becomes gradually weaker, theſe alter- 
nate contractions will not only grow feebler 
bur ſucceed one another more ſlowly ; for 

while che irritation is ſtrong, rhe muſcle is | 
no ſooner relaxed, than its contraction is 
immediately renewed : whereas a weaker 
flimulus requires a longer time to operate, 
before it excites fuch an uneaſy ſenſation 
as is required to produce a convulſive con- 
traction of the part. Thus when the ho- 
rax of a living animal is laid open, and the 
heart is pricked with a ſharp inſtrument, its 
contractions are greatly quickened; nay, 


they return ſo frequently, that, during their 
. re miſſion, 
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remiſſion, very little. blood enters the ven- 
tricles. Hence the ſides of the heart make 
very ſmall motions at firſt, nor are they e- 
ver fully dilated, their contractions being re- 
peated almoſt as ſoon as their diaſtole be- 
gins; but when the impreſſion of the ſimulu 
begins to be weakened conſiderably, the 
contractions and relaxations of the heart 
being performed more ſlowly, the blood has 
time to dilate the ventricles more, whoſe 
ſides, therefore, now make larger and more 
ſenſible motions. From what has been ſaid, 
it is eaſy to ſee, why, if the blood be ren- 
dered acrid, or the heart much more irrita- 
ble than uſual, the pulſe becomes ſmall, flut- 
tering and quick. 

WHILE therefore the voluntary muſcles, 
which are contracted in conſequence of an 
effort of the as remain in that ſtate as 
influence of the nerves into their fibres ; ; | £ 
ritated muſcles, whoſe contraction is owing, 
not to will or choice, but to an uneaſy ſen- 
ſation, are entirely regulated by this; and 
as each contraction tends to leſſen the diſ- 

agreeable 
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agreeable perception, - they will ny agitated 
with alternate convulſions, 

Uro the whole, as nature never mul- 
tiplies cauſes in vain, it ſeems quite unphi- 
loſophical ro aſcribe the motions of the 
muſcles of animals from /{imuli to any hid- 
den property of their fibres, peculiar activi- 
ty of the nervous fluid, or other unknown 
cauſe ; when they are ſo eaſily and naturally 
accounted for, from the power and energy 
of a known ſentient PRINCIPLE. 


SECT. XL 


Of the ſhare which the mind has in producing 
the vital and other involuntary motions of 
animals. | 


"HAT all the motions of animals were 

by ſome of the ancient philoſophers | 
aſcribed to the energy of a living principle 
wholly diſtinct, as to its nature, from the 
body, the paſſage of Cicero, prefixed to this 


Eſſay clearly ſhews. And it was the diff- 
* culty 
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culty of accounting for the motion of the 
heart from mechanical principles alone, 
which made no leſs a philoſopher among 
the moderns than Borelli doubt, whether it 
were not rather owing to the mind, than 
to any natural neceſſity ariſing from the 
{ſtructure of that organ or its nerves *, - The 
great Mr Leibnitz, in a letter to Michelloti, 
goes ſtill further, and ſuppoſes that the na- 
tural motions may be owing to ſome im- 
preſſions made on the mind, although we 
are no ways conſcious of theſe . It is true 
Dr Stahl, by extending the influence of the 
ſoul, as a rational agent, over the body a 


great 


* De motu animal. part 2 prop. 79. & 80. 

+ Michellot de ſeparatione fluidor p. 251. 

Indeed, ſtrictly ſpeaking, it is inconſiſtent with Mr Leibnitz's 
principles to aſcribe any of our motions, either voluntary or 
involuntary, to the mind; ſince, according to his pre- eſtabliſh- 
ed harmony, the ſoul neither acts on the body, nor is affected 
by the impreſſions of external objects. This ingenious fable, 
however, which novelty, I ſuppoſe, at firſt recommended, has 
been ſo fully refuted by Mr Bayle and others, as to make it 
needleſs for us to attempt to ſhew its weakneſs : but we cannot 
help obſerving, that if is matter of wonder how a doctrine, 
which explains nothing, and is loaded with ſo many difficul - 


ties, ſhould ſtill have any advocates. 
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great deal too far, and thus carrying this 
doctrine beyond all reaſonable bounds, has 
been the occaſion, why it has, for many 
years, been looked upon rather as a ſubject 
of ridicule, than deſerving a ſerious and ra- 
tional anſwer. However, that the motion 
of the heart and circulation of the blood, 
are ajrogether - inexplicable upon principles 
purely mechanical, there are arguments 
à priori which ſeem to demonſtrate ®. Bur, 
as this kind of reaſoning, in matters not 
capable of ſtrict demonſtration, frequently 
betrays us into error and miſtakes, we ſhall 
further endeavour to vindicate this opinion 
from the moſt plauſible objections which 
may be brought againſt it; and at the 
ſame time ſhew by a variety of arguments 4 
poſteriori, chiefly of the analogical kind, 
that the vital, as well as the other involun- 
tary motions of animals, are directly owing 
to the immediate energy of the mind or 
ſentient principle. 
THE 
®* See Edinburgh Medical Eſſays, vol. 4. art. 14. where an ar- 
gument of this kind has been propoſed with great ſtrength 
and perſpicuity by the learned Dr Porterfield. = 
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TRE chief power propelling the blood 
through all the veſſels of the body, is the 
contraction of the heart. But from Dr 
Haleꝰs experiments it appears, that, in eve- 
ry circulation, the blood loſes , of the mo- 
mentum communicated to it by the left ven- 
tricle of the heart *; wherefore there muſt 
be in every animal ſome cauſe, which re- 
pairs this loſs of motion ariſing from fric- 
tion, Oc. i. e. a cauſe generating motion: 
but, as has been obſerved above, matter, in 
its own nature inert, is incapable of this. 
Further, ſuch animals as lie in a dead in- 
active ſtate during the cold winter-ſeaſon, 
and whoſe blood has laſt all its motion, may 
at any time be reſtored to life by warmth ; 
which rarifying their ſtagnating fluids, and 
communicating to them a ſmall degree of 
inteſtine motion, excites | the heart into 
action; whoſe motion, though it be at firſt 
very languid, yet gradually gains ſtrength, 
till at laſt it arrives at its. wonted vigour, 
As, in this cafe, the renewal of the heart's 
motion, and Irs gradual: increaſe, cannot be 


ol | explained 
# Statical Eſſays, vol. 2, 


P p 


rene Of the VITAL and 


explained from any mechanical principles; 
ſince we have not only a cauſe producing 
an effect greater than itſelf, but alſo, an effect 
increaſing by degrees, and, as it were, of 
its own accord: it follows, that there; is in 
theſe anima ſome living principle, which 
being, by the Himulus of warmth, ronſed, as 
we may ſay, out of a ſtate of indolence, 
brings into gentle contractions the ſinus ve- 
noſt, auricles and ventricles of the heart ; 
which are parts of the body moſt ſenſible 
of the irritation of _ fads when rarified 
and agitated by heat. | 
TRE contraction of * heart, 0 f For as 
it is owing to 4 material cauſe, ſeems to 
proceed from the action of the nervous 
power upon its fibres: but as, perhaps, 
755555 part of the blood thrown out by the 
left ventricle of the heart, does not return 
to it again in the form of vital ſpirits, as 
they are called; and as the motion of this 
fluid muſt be incredibly diminiſhed by its 
paſſage through the vaſtly ſubtile veſſels of 
the cerebellum, Cc. there can be no force in 
theſe ſpirits derived from the laſt //ole of the 
heart ſufficient to produce a new contrac- 
tion 


— 
— 
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tion of this muſcle, ſince no cauſe can gene- 
rate an effect greater than itſelf. 

AGAIN, The human body, in which 
there is no mover that can properly be cal- 
led FIRST, or whoſe motion depends not 
on ſomething elſe, is a ſyſtem far above the 
power of mechanics. The contraction of 
the heart is indeed the cauſe of the blood's 
motion, 'and conſequently of the ſecretion 
of the ſpirits (as is ſuppoſed) | in the cerebel- 
lum, O.; but without theſe ſpirits, this 
action of the heart could not be performed: 
theſe two cauſes, therefore, truly act in a 
circle, and may be conſidered mutually as 
cauſe and effet. - Whence it is incumbent 
on thoſe * Philoſophers who aſcribe the 
neart's motion to mechanical cauſes alone, 
to demonſtrate the poffibility of a perpetu- 
um mobile, ſince, as long as life laſts, an ani- 
mal is really ſucli. But as a perpetual mo- 
tion is; in the opinion of the ableſt Philo- 
ſophers, above the powers of mechaniſm, 
and inconſiſtent with the known laws of 
n matter and motion *, we mult be allowed 
e Nn on a e e not to 


Ex calculo mechanico liquet omnem de motu perpet uo 
n © quæſtionem ed redire, ut inveniatur pondus ſeipſo ponderoſi. 
«cf us, 
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to conclude, that the contraction of the 
heart, and the propulſion of the blood 
through the body, and conſequently the 
continuance of life, are not owing to any 
mechanical or even material cauſes alone, 
but to the energy of a living principle ca- 
pable of generating motion. 

How far the mind is really concerned in 
the motion of the heart, may eaſily appear 
from what has been already. offered in the 
preceding Sections; where, if I miſtake not 
it has been ſhewn, beyond doubt, that the 
contraction of the heart is owing, to the re- 
turning venous blood acting as a ſtimulus 
upon it; and made highly probable, both 
from reaſon and analogy, that a ſlimu- 
lus excites. our muſcles into motion, only 
as they are animated by a ſentient prin- 
ciple. Whence it muſt follow, that the al- 
ternate contractious of the heart are in no 
other ſenſe owing to the irritation of the re- 
turning blood, than as the mind or ſenti- 
ent „Feine is, by this, excited to in- 

creaſe 


« us, vel vis elaſtica ſeipſa fortior.” Clarkii not. in Rohault- 
pPhyſic. 91. cap. 22. | BEV 


k. A.M 
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creaſe the action of the nerves. upon its 
fibres. | 0 | 

T Is doctrine of the alternate motion 
of the heart as proceeding from the power 
of the mind, excited into action by the fi- 
mulus of the returning venous blood admit- 
ted into its cavities, is greatly ſtrengthen- 
ed by the account we have given of the al- 
ternate motions of reſpiration, of the con- 
tractions of the muſcles of the internal ear 
and of the pupil. Theſe we have clearly 
ſhewn to proceed from the mind, as affected 
by a ſtimulus, and to be altogether inexpli- 


cable upon principles merely mechanical. 


The firſt of theſe motions (vz. reſpiration) 
agrees with that of the heart, in being per- 
formed whether we attend to it or no, and 
whether we ſleep or are awake; although 
it differs from the motion of the heart, in 
being under the dominion of the will. 
The motions of the iris from light, and of 
the muſcles of the ear from various ſounds, 
differ from thoſe of the heart, as they, are 
not vital, nor continually and alternately 
excited by cauſes within the body, but ow- 


ing to external cauſes acting at particular 
times 
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times on the organs of ſight and hearing: 
theſe muſcles, however, exactly agree with 
the heart in this, that their motions are 
altogether involuntary, and cannot be con- 
trouled by any immediate effort of the will. 
Since then, in the muſcles of reſpiration, 
we have an inſtance of a vital, though not 
altogether in voluntary motion, proceeding 
from the mind; and, in the muſcles of the 
uvea and ear, examples of motions, which, 
though not vital, are yet wholly involun- 
tary, owing to the ſame cauſe; may we 
not, if it be in the leaſt allowable to argue 
from analogy, ſafely conclude, that the 
contraction of the heart, which is both vi- 
tal and involuntary, is ultimately to be re- 
ferred to t he ſentient principle excited toput 
this muſcle in motion by the irritation of 
the: venous blood acting upon it alternate- 
ly? What has been ſaid of the motion of 
the heart, as proceeding from the mind, is 
equally applicable to the periſtaltic mo- 
tion of the ſtomach and inteſtines, and to 
the Teſt of the vital or ee A mo- 
tions. 1 | 
 AtTroven 
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ALTHOUGH what has been already of- 
fered, might be ſufficient to ſhew, that all 
the motions of animals, involuntary as well 
as voluntary, are ſome way owing to the 

mind; yet as this doctrine may appear to 
ſome, who have always been uſed to think 
in a different way, as beſet; with many 
difficulties ; and as there may not be want- 
ing thoſe, who are unhappily more tena- 
cious of received opinions than willing to 
embrace ſuch as are true; we ſhall briefly 
obviate ſome of the ſtrongeſt objections, 
which, at firſt ſight, ſeem to lie againſt it; 
and this we ſhall do the more willingly, 
as an opportunity will hence be afforded us 
of illuſtrating, ſtill further, the nature and 
cauſe of the involuntary motions of animals. 

Objedtion J. IT may be ſaid, that, while 
we aſcribe the vital and other. involuntary 
motions of animals to the mind, we, in fact, 
attribute them to a power, whoſe nature 
and manner of acting we are ignorant of *. 

Anſwer. THAT: there is united to the 
bodies of men and animals an active, living, 
ſentient principle, which i is the cauſe. of vo- 


luntary 


® Senac Traite du coeur, vol. 1. p. 441. & 445. 
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luntary motion, it may be hoped there are 
few Philoſophers, now a-days, ſo MINUTE 
as to deny: and, if it be thought no ab- 
ſurdity to aſcribe voluntary motion to the 
energy of the mind, though we do not un- 
derſtand its nature or manner of operation, 
why ſhould it be reckoned ſuch, to derive 
the vital and other involuntary motions from 
the fame ſource ; © eſpecially, when a varie- 
ty of phenomena and the ſtrongeſt analogy 
concur in ſupporting this opinion? That 
there is ſuch a thing as gravity, or attrac- 
tion betwixt the parts of matter, is a thing 
not to be doubted of, becauſe we ſee its 
effects, though its cauſe be unknown: and, 

if Philoſophers make uſe of this power eve- 
ry day, with the greateſt juſtice, in order to 
explain the phenomena of nature, why ſhould 
it not be thought equally reaſonable to 
have recourſe, in accounting for the motions 
and actions of an animated body, to the 
power and energy of the mind, which we are 
ſure is always preſent with it, and in num- 
berleſs inſtances operates upon it? In an 
attempt to account for the ſurpriſing opera- 
tions and effects of an inanimate machine, 
. it, 


fully 
torte 
tract: 
olcilt 
hdres 
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it would be thought highly ridiculous to 
have recourſe to the agency of an immate- 
rial living principle: and muſt it not be 
equally ſo, to baniſh rhe conſideration of 
mind in explaining the phenomena of an a- 
nimated ſyſtem; or to endeavour to de- 
duce its moſt remarkable motions from the 
mere material part? 

THERE is no need of underſtanding the 
nature of the foul, or the way in which it 
acts upon the body, in order to know that 
the vital motions are owing to it : it is ſuf- 
ficient, if we know from experience, that ir 
feels, is endued with ſenſation, and has a 
power of moving the body * | 

EVERY attempt hitherto made towards 
deducing the vital motions of animals from 
powers wholly material, has been unſatisfa- 
Qory ; and, I may venture to ſay, will be for 


Q q ever 


The reader will eaſily perceive, that the objection againſt 
> deriving the vital motions from the mind, becauſe we are not 
fully appriſed of its nature and manner of acting, may be re- 
torted with double ſtrength upon thoſe, who afcribe the con- 
1 traction of the heart to ſome latent power in it, or to the 
oſcillations of an unknown fluid ſappoſed to be _ in its 
hdres and nerves *. 


1 


18 


* Senac traité du coeur, vol. 1. p. 434 & 532. 
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ever vain : ſince it has not only been proved, 
that they are above the force of mechaniſm, 
but alſo that the ſuppoſition of any mere 
material power's being their cauſe, is by no 
means ſuitable to the phenomena we obſerve, 
Nor can I conceive the reaſon why Phyſici- 
ans have laboured ſo long in accounting for 
the action of the heart and other vital mo- 
tions of animals, from the powers and pro- 
perties of body independent of mind: if it 
be not, that in fome, the leaven of Carteſi- 
aniſm ſtill continues to work; in others, a 
roo great fondneſs for mechanical reaſon- 
ing in Phyſiological matters; and in both, 
a contempt of the extravagant notions of 
Stahl and his followers, with regard to the 
manner in which the * regulates all the 


actions of the body *. 
Many 


* I have not met with any author, who has embraced the 
STAHLIAN doctrine with leſs reſerve, or carried it to a more 
furpriſing height, than the learned Dr Nicho//s, in his elegant 
Prælection de Anima medica. According to him, the foul at 
firſt forms the body, and governs it ever after, carrying on 
and regulating all its vital and natural motions ; diſtributing 
the fluids with greater or leſs force to its ſeveral parts, and ex- 
citing in them, from time to time, ſuch commotions and 


changes, as ſhe ſees moſt proper for removing their various 
diſorders.— 
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Many Philoſophers have ſuppoſed two 
diſtin& principles in man; one of which 
has been called the anima, or ſoul; the 
other, the animus, or mind ; by the former, 

| they 


diſorders, He aſcribes it to the prudence of the ſoul, that 
the ſemen is not perfected in males, till the body hath acquired 
ſtrength and vigour ſufficient for the work of generation : and 
he finds a wonderful inſtance of her ſagacity, in the flow and 
gradual eruption of the ſmall-pox ; as the force of the diſeaſe 
is hence divided, and its danger greatly leſſened. — When the 
bedy is diſordered, or exhauſted with fatigue, the ſoul frequent- 
ly hides herſelf in fleep, and retires from external things, in 
order that.ſhe may be more at leiſure to recruit the body, or 
to rectify what has happened amiſs in it; and hence the in- 
clination to ſleep after child-bearing : hence, alſo, the frequent 
ſleeping of infants; whoſe anima, it ſeems, is ſo taken up with 
directing and governing the vital motions, that it has little 


time to attend to any thing elſe. The ſoul, however, ſeems 
to negleR, in a great meaſure, this province, as often as ſhe is 
too much diſtracted with external things ; and hence it is, that 
health is ſo much impaired by fear, ſorrow, love, and other 
more violent paſſions : nor is ſhe without her wilful and fro- 
ward fits; as appears from her ſending the milk back into the 
blood from the breaſts of pregnant women, whoſe fetu/zs ſhe 
had only fancied were ſaddenly dead, and from her not deri- 
ving into them again thofe nourifhing ſtreams, when living 
children are really born ; as if, for her part, ſhe had rather 
they were ſtarved, than that ſhe herſelf ſhould ſeem to have 
been under miſtakes. —In fevers, the ſudden failing of the 
ſtrength and pulſe ought, we are told, to be regarded by us as 
lens of the deſpairing ſoul's diſcontinuing her care of the body, 

and 
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they underſtood the principle of life and 
ſenſe influencing the viral motions; and by 
the Jatter, the ſeat of reaſon or intelligence. 


According to them, we have the anima, or 


vital 


and being ſoon about to relinquiſh it: nay, ſometimes, like a 
mean and filly coward, ſhe ſinks even under ſuch diſeaſes, as, 
in their own nature, are not at all deadly; and, through falſe 
* alarms, ſhe is either thrown into a great hurry and trepidation, 
which urges her to make wild work of it, and to do much miſ- 
chief ; or elſe ſhe becomes very backward and remiſs in her en- 
deavours to preſerve the body, and, as if it were a FIELÞ not 
worth keeping, fooliſhly deſerts it: though, were ſhe but al- 
ways wiſe enough, and, neglecting things of leſs moment, were 
ſolely ix tent on the preſervation of the body, ſhe could, if we 
may believe the Doctor, not only . prevent diſcaſes, as far, at 
leaſt, as they proceed from internal cauſes, but protra® alſo 
the life of man, it may be, to a thouſand years: a TERM 
greatly beyond what the ApErrs promifed themſelyes from 
their aurum petalile, or UNIVERSAL REMEDY- 

But, as this account of the agency of the ſoul, and of its 
power over the body, ſcarcely ſeems to demand a ſerious an- 
ſwer, I ſhall only obſerve, that to imagine the ſoul ſhould, 
with the wiſeſt views and in the moſt ſkilful manner, at firſt 
form the body, (a work far above the utmoſt efforts of human 
art and contrivance ! ) and afterwards, when it is difordered, 
ſhould, with the ſame {kil] and wiſdom, often remedy the evil, 
and reſtore it to a ſound ſtate ; but finding it in the end, or 
ſometimes ſuſpecting it only, to be no longer tenable or com- 
fortable, ſhould, inſtead of repairing, either whimſically or 
wiſcly deſert it: to conceive, I ſay, of the ſoul as perform- 
ing all this, without, in the mean time, being copſci- 

| ous 
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vital and ſentient ſoul, in common with the 
brutes ; but the animu or mens, which is of 
a more exalted nature, is proper to rational 


creatures alone *. 

Sou modern Materialiſts have imagined 
the anima to be no other than a more ſub- 
tile kind of matter lodged, chiefly, in the 
brain and nerves, and circulating with the 
groſſer fluids. But ſuch ſpirits, or ſubtile 
matter, can no more be acknowledged the 
vital principle or ſource of animal life, than 
the blood from which they are derived; 
and ſtill with leſs reaſon can this material 
anima be ſuppoſed endued with ſenſe, ſince 


matter, 


ous of {ſuch intentions, or of the exertions of its power 
in purſuance of them, is at leaſt as great a ſtretch of fan- 
cy, as to ſuppoſe, that an able architect might raiſe a Nate- 
ly edifice, in which nothing ſhould, be wanting that could 
contribute either to its uſefulneſs or ornament ; that he might 
frequently make good fuch damages as it ſuſtains from the 
weather, or from the decay of any of its materials; and at 
laſt, apprehending it to be in danger- of falling, might abandon 
it ; without being at all aware of ever having once exerciſed, 
either his fkill in contriving, erecting, and repairing it, or his 
prudence in quitting it, when, as he thought, it was ready to 
bury him in its ruins. 

* Indulſit communis conditer illis 


Tantum animas, nobis animum quoguc. 
JuveNaL. Sat. 15. lin. 148. & 149. 


310 O the VITAL and 


matter, of itſelf, and unactuated by any 
higher principle, is equally as incapable of 
ſenſe or perception, pleaſure or pain, as it is 
of ſelf-motion. Indeed, a few authors have 
run ſuch lengths, as to ſuppoſe even the a- 
nimus, or rational ſoul itſelf, material: but 
ſurely the powers and faculties of the mind 
are not to be found in matter, or in any of 
thoſe principles, or elements, whereof either 
the ancients or moderns have imagined 
it to conſiſt; fire itſelf, the moſt ſubtile 
and active among theſe, being as inca- 
pable of thought and refftexion, as water 
or earth, the moſt fluggiſh*: and in 
what manner ſelf-motion, ſenſe or reaſon 
can poſſibly reſult from the circulation 
of the ſpirits in the brain, or from the pe- 
culiar 
* « Animorum nulla in terris origo inveniri poteſt. Nihil 
« enim eſt in animis mixtum atque concretum, aut quod ex 
« terra natum atque fictum eſſe videatur: nihil ne ut humidum 
ic quidem, aut flabile aut igneum. His enim in naturis nihil 
« ineſt, quod vim memoriæ, mentis, cogitationis habeat, quod 
«c et præterita teneat, et futura provideat, et complecti poſſit 
é preſentja.” Cicero in Tuſculan. diſput. lib. 1. 
See alſo, in proof of the immateriality of the foul, Dr Sam. 


Clarke's defences of his letter to Mr Dodwell, where Perſpicui- 
ty, Metaphyſics, and ſound Philoſpphy, are happily united. 
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culiar ſtructure, connexion, ſituation or ar- 
rangement of the various parts of the body, 
(without ſuppoſing a mind) is a point which 
the abettors of Materialiſm, will never be 
able to clear up *. 

FURTHER, if the DerTy be incorpo- 
real (as is allowed by ſome of the ableſt 
advocates for the materiality of the hu- 
man foul) and if he can create intelligent 
beings that are not material, is it not entire- 
ly agreeable to the analogy of Nature, to 
conſider animals, (which hold as it were 
the middle-rank, in the creation, between 
purely ſpiritual intelligences and ſubſtances 
that are wholly corporeal) as deriving their 
ſentient and ratioual powers, not from that 
inert matter, however curiouſly wroughr 
up or modified, of which their brain and 
nerves are compoſed, bur from an intelli- 
gent, incorporeal principle animating their 
bodies? | . 

Ueo the whole, as I cannot agree with 


thoſe, who, in aſcribing all our powers to 
| mere 


* « Membrorum verò ſitus et figura corporis, vacans animo, 
quam poſſit hatmoniam efficere non video.” Ciceron. Tuſeulan. 


diſput. lib. 1. 
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mere matter, ſeem willing to deprive us 
wholly of mind; ſo neither, at the ſame 
time, do I fee any reaſon for multiplying 
principles of this kind in man : and, there- 
fore, I am inclined to think the anima and 
animus, as they have been termed, or the 
ſentient and rational ſoul, to be only one 
and the ſame principle acting in different 
capacities. Nay, Epicurus himſelf, accord- 
ing to Lucretius, did not look upon theſe 
two as ſeparate beings, but regarded the 
mind as a kind of mouvement produced by 
the anima or ſoul *. 

THAT the involuntary motions in man 
are not owing to a principle diſtin from 
the rational ſoul, ſeems evident, from the 
muſcles and organs, whoſe action has been 
generally aſcribed to the anima, being, in 
many caſes, ſubject to the power of the 
animus or rational principle; as well as, on 
the other hand, from the motions of the 
voluntary muſcles often becoming involun- 


tary, or independent upon the will. Thus 
the 


* Nunc animum atque animam dico conj uncta teneri 
Inter ſe, atque unam naturam conficere ex. ſe. 
Locker. lib. 3. verſ. 137. & 338. 
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the diaphragm, whoſe motions in the hic- 
cup are altogether involuntary, and in or- 
dinary reſpiration go on without our con- 
ſciouſneſs of them, is nevertheleſs ſubject to 
the immediate influence and direction of 
the mind; ſince its motions in breathing 
can, by an effort of the will, either be ang- 
mented or leſſened, retarded or accelera- 
ted. The evacuation of the inteftinum 
rectum and bladder of urine, which, when 
the ſtimulus is gentle, is in part voluntary, 
becomes altogether involuntary and convul- 
five, when the irritation is greater. The 
eye-lids, over which the mind ſeems ro 
have a full power, move, commonly, nor 
only without our attention, but, in ſome 
caſes, even againſt every effort of the will 
to the contrary. — The action of the acce- 
leratores urine is voluntary in expelling the 
laſt drops of urme; but in expelling the 
ſemen, it is involuntary. — The contraction 
of the pupil, which, in order to diſtinct vi- 
fron, is voluntary, becomes altogether mvo- 
luntary when owing to an increaſe of light. 
In ſhort, there is not a voluntary muſcle in 
the body, whoſe motion does not become 

Rr in voluntary, 
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involuntary, as oſten as it is either directly, 
or from its conſent with ſome neighbour- 
ing part, affected by any conſiderable ſtimu- 
lus : if the irritation be very gentle, we 
ſtill retain a greater or leſs power over the 
muſcle; but when it becomes ſtronger, w we 
loſe. all this power. 

_ FuRTHER, in man the nien and ra- 
tional principle muſt be acknowledged to be 
one; ſince we are all conſcious that what 
feels, reaſons, and exerts itſelf in moving 
the body, is one and the ſame, and not di- 
ſtint beings. It is the mind, therefore, 
that feels, thinks, remembers and reaſons; 
which, though one principle, is nevertheleſs 
poſſeſſed of theſe different powers, and acts 
in theſe different capacities; nay, ſince me- 
mory is as widely different from the preſent 
perception of ideas, or the exertion of the 
will in order to action, as ſenſe is from 
reaſon, it might with equal propriety be 
maintained, that we are endowed with four 
ſouls, namely, with a rational, a reminiſ- 
cent, an active, and a ſentient one, as that 


we haye two, 
In 
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In brutes of the loweſt kind there is evi- 
dently a ſentient principle: but it ſeems to 
be wholly devoid of reaſon or intelligence: 
in thoſe, however, of a higher claſs, we can 
perceive faint traces of ſomething like what 
we call reaſon and reflection in man. Why, 
therefore, may not the human mind, which 
enjoys all the powers belonging to the ſouls 
of the loweſt creatures, and has alſo reaſon 
ſuperadded to thoſe powers, be allowed 
ſometimes to act as a ſentient, and at other 
times as a ratioual being, i. e. in different 
capacities? D115 00 9564 Þ 

Bur, if any one yet contends, that the 
ſentient principle, governing the vital mo- 
tions, is different from the rational, I ſhall 
not think it much worth while to diſpate 
the matter with him: ſince whatever is ad- 
vanced, in the preſent Es$ay, upon the | 
ſubje& of the involuntary motions of ani- 
mals, will hold equally true, whether the 
ſentient and rational ſoul be hes nee a 
ſtinct, or otherwiſe. 

How EVER, although we conceive it to 
be the moſt probable opinion, that the ſen- 
tient and rational principle in man are one 

and 
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and the ſame; yet we think it a very clear 
point, that the mind does not, as Dr Saul 
and others would perſuade us, preſide over, 
regulate and continue the vital motions, or, 
upon extraordinary occaſions, exert its pow- 
er in redoubling them, from any rational 
views, or from a conſciouſneſs that the bo- 
dy's welfare demands her care in theſe par- 
ticuiars: for infants, ideots, and brutes of 
the loweſt kind, (which laſt are certainly 
deſtitute of reaſon), perform thoſe motions 
in as perfect a manner as the wiſeſt Philoſo- 
pher ; and the mind, when life is endanger- 
ed by the too violent circulation of the 
bload, neither does, nor can moderate the 
heart's: motion. If the contraction of the 
heart were owing to any previous deduction 
of reaſon, or conviction of its being neceſ- 
ſary to the continuance of health or life, 
the mind ought to have a power of reſtrain- 
ing the uniform motions of its auricles and 
ventricles, or of repeating them at ſhorter 
or longer intervals, notwithſtanding their 
having become, like thoſe of the eyes, in a 
manner neceſſary through long habit: for 
though we cannot, indeed, move our eyes 

in 
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in every different direction, yet we can re- 
ſtrain or vary their uniform motions as we 
pleaſe. 

FURTHER, if there were any exerciſe of 
reaſon neceſſary to the continuance of the 
vital motions, the mind ought certainly ro 
be conſcious of this; fince, in every ratioci- 
nation reſpecting action, there muſt firſt be 
a compariſon of things, and then, in conſe- 
quence of this compariſon, a preference or 
election: but, I believe, few Philoſophers 
will be found hardy enough to maintain, 
that the mind can compare two, or more 
ideas, and thence form certain concluſions 
and determinations, without being ſo much 
as conſcious, in any degree, of what it has 
been all the while employed about: for 
though, when we are ſolicitouſly engaged in 
any action, deeply involved in any thought, 
or ſtrongly hurried away by any paſſion, 
we may often be unconſcious of the impreſ- 
ſions made by material cauſes on the organs 
of ſenſe *; yet we cannot but be ſenſible of 

the 


* To avoid. all metaphyſical diſputes about different 
degrees of conſciouſneſs; I deſire it may be underſtood, that 
here 
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the ideas formed within us by the internal 
operation of our minds, becauſe their very 
exiſtence depends upon our being conſcious 
of them, and is at an end, as ſoon as either 
we attend not to, or forget them: to ſay 
therefore that ſuch ideas may be formed and 
exiſt in the mind without conſciouſneſs, is, in 
effect, to ſay that they may, and may not 
exiſt at the ſame time ; than which nothing 
can be more abſurd. 

ADD to this, that the motions excited by 
any pain, or irritation, are ſo inſtantaneous, 
that there can be no time for the exerciſe of 
reaſon, or a compariſon of ideas in order 
to their performance; but they ſeem to 
follow as a neceſſary and immediate conſe- 
quence of the diſagreeable perception. And 
as the DerTy ſeems to have implanted in 
our minds a kind of sENSE reſpecting Mo- 
rali, whence we approve of ſome actions, and 
of diſapprove 


here and in other parts of this Eſſay, when I ſay we are not 
conſcious of certain impreſſions made on the mind by the acti- 
on of material cauſes on the organs of the body, I mean no 
more, than that we have no ſuch conſciouſneſs or perception of 
them, as either convinces us of their exiſtence when preſent, or 
enables us, by the help of memory, to recall them when paſt. 
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diſapprove of others, almoſt inſtantly, and 
without any previous reaſoning about their 
fitneſs or unfitneſs; a FACULTY of ſingular 
uſe, if not abſolutely neceſſary for ſecuring 
the intereſts of virtue among ſuch creatures 
as men! ſo, methinks, the analogy will ap- 
pear very eaſy and natural, if we ſuppoſe our 
minds ſo formed and connected with our bo- 
dies, as that, in conſequence of a ſtimulus af- 
fecting any organ, or of an uneaſy percep- 
tion in it, they ſhall immediately excite 


ſuch motions in this or that organ, or part 


of the body, 2s may be moſt proper to re- 
move the irritating cauſe ; and this, without 
any previous rational conviction of ſuch mo- 
tions being neceſſary or conducive to this 
end. Hence, men do not eat, drink, or pro- 
pagate their kind, from deliberate views of 
preſerving themſelves or their ſpecies, but 
merely in conſequence of the ſenſations of 
hunger, thirſt, &c, 

Tax mind, therefore, in carrying on the 
vital and other involuntary motions, does 
not act as a rational, but as a ſentient prin- 
cCiple; which, without reaſoning upon the 
matter, is as certainly determined by an un- 

grateful 
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gratefal ſenſation or ſtimulus affecting the 
organs, toexert its power, in bringing abour 
theſe motions, as is a balance, while, from 
mechanical laws, it preponderates on that 
ſide where the greateſt weight prevails, 

Tas general and wiſe intention of all the 
involuntary motions, is the removal of every 
thing that irritates, diſturbs, or hurts the 
body; hence, thoſe violent motions of the 
heart, in the beginning, of fevers, ſmall-pox, 
meaſles, &c. when frequently the blood, 
from its being affected by the mixture of 
ſome peculiar miafma, acts as a ſtronger 
ſtimulus than uſual upon that organ. Ne- 
vertheleſs, as, in many inſtances, the very 
beſt things may, by excels, become hurt- 
ful ; ſo this endeavour to free the body, or 
any of its. parts, from what is noxious, be- 
comes unhappily, ſometimes, ſo ſtrong and 
vehement, as to threaten the entire deſtruc- 
tion of the animal fabric. But, in the 
main, this FACULTY muſt be confeſſed 
highly uſeful and beneficial ; ſince, without 
it, we ſnould conſtantly have cheriſhed with- 
in our bodies the lurking principles of diſea- 
ſes, ſlowly indeed and by imperceptible de- 


grees. 
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grees, but not leſs ſurely, ruining our health 
and conſtitutions. 

Uror the whole, there ſeems to be in 
man one ſentient and intelligent. pRINCI- 
PLE, which is equally the ſource of life, 
ſenſe and motion, as of reaſon ; and which 
exerts more or leſs of its power and influ- 
ence, as the different circumſtances of the 
of the ſeveral organs actuated by it may re- 
quire. That this principle operates upon 
the body, by the intervention of ſomething 
in the brain or nerves, is, I think, likewiſe 
probable ; though, as to its particular na- 
ture, I preſume not to allow myſelf in any 
uncertain conjectures; but, perhaps, by 
means of this connecting medium, the vari- 
ous impreſſions, made on the feveral parts 
of the body either by external or internal 
cauſes, are tranſmitred, and perceived by the 
mind; in conſequence of which it may de- 
termine the nervous influence variouſly into 
the different organs, and ſo become the cauſe 
of all the vital and involuntary motions, as 
well as of the animal and voluntary. It 
ſeems to act neceſſarily, and as a ſentient 
principle only, when its power is exerted in 
| Sſ cauſing 
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cauſing the former; but, in producing rhe 
latter, it acts freely, and both as a ſentient 
and rational agent. 
THE bodies of brute animals are actua- 
ted by a principle of a like kind with that 
which is placed in man, but greatly inferior 
with regard to the degrees of reaſon and 
intelligence which it poſſeſſes : in the more 
perfect brutes, this principle is plainly intel- 
ligent as well as ſentient ; and their actions 
ſo evidently thew them to be endued, not 
only with a ſtrong memory, but with re- 
flexion and ſome degrees of reaſon, that it 
is really wonderful to find. Deſcartes and his 
followers ſo far impoſing upon themſelves, 
as ſeriouſly to believe theſe were machines 
formed entirely of matter, and, as it were, 
fo many curious pieces of clock-work wound 
up and ſer a-going. Nor is it leſs ſurpri- 
ſing that the generality of Theological wri- 
ters ſhould, till of late, have been ſo far miſ- 
taken in this matter, as not to have percei- 
ved, that, after once admitting all the ac- 
tions of the moſt perfect brutes to reſult 
from mere mechaniſm, the afcribing every 


thing 


* 


other INVOLUNTARY MOTIONS. 323 


thing in man to no higher a principle, 
would be a natural and eaſy conſequence, 
In the inferior orders of brutes the ap- 
pearances of reaſon and reflexion are more 
_ obſcure; and, in the lowelt ſpecies of ani- 
mals, there are no marks of intelligence, 
nor do we obſerve them to differ othewiſe 
from vegetables, than as they are endued with 
ſome degree of ſenſation and ſelf-motion. 

0bz. II. Ir may be alledged, that the vi- 
tal motions cannot be owing to ſtimuli af- 
fecting the mind in the manner above ex- 
plained, ſince we are not conſcious of any 
ſuch thing. | | 

Anſwer, Tais may be owing either to 
the gentleneſs of the irritation, or to our 
having been long accuſtomed to it, perhaps 
from the beginning of our lives. 

= We al know, that ſuch ideas as but 
{lightly affect us, and ſoon give place to ſuc- 
ceeding ones, are quickly forgot ; nay, that 
impreſſions, which are very faint in them- 
ſelves, or loſt amidſt far ſtronger ones, are 
frequently neither attended with conſciouſ- 
neſs when preſent, nor remembered when 


paſt, In walking the ſtreets, how many 
perſons 
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perſons of one's acquaintance are every mi- 
nute preſented to the mind, as their pictures 
are painted on the retina; yet if we be a- 
lone, having our thoughts ſtrongly turned 
upon a particular ſubject, or elſe be deeply 
engaged in converſation with a friend, we 
are often not conſcious of the preſence of 
theſe people when before our eyes, nor re- 
member their having been ſo, when they 
have left us. —If we turn our eyes towards 
azure ſky at noon-day, we cannot, by the 
utmoſt attention, obſerve any of the ſtars ; 
and yet it is certain, that, at that time, there 
are images of every ſtar in the viſible hems 
ſphere formed upon the bottom of our eyes: 
for the ſtellar light muſt run through the 
fame torrent of ſun- beams to reach us in 
the night as in the day, allowance being on- 
ly made for the inconſiderable depth of the 


earth's atmoſphere “. | 
TRE 

In this particular caſe, we muſt either ſuppoſe, that the 
impreſſions, made by the ſtars on the retina, are ſuffocated and 
loſt in thoſe ſironger ones made by the illuminated atmoſphere, 
ſo as never to reach the /en/orium in order to excite any idea 
in the mind, or that if they do reach the ſenſory, and create 
correſpondent ideas, yet they are ſo drowned, as it were, in 
the ſtronger idea, as to eſcape our attent ion and memory. 
F am not inſenſible, that there is a real difficulty in this mat- 
ter. 
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Taz ſenſation ariſing from the impe- 
tuous courſe of the blood through the pul- 
monary veſſels, is, uſually, ſo very light, 
as not to be felt or attended to. But this 
is far from being the caſe in aſthmatic diſ- 
orders, or after reſpiration has been | uppreſ- 
ſed for ſome time; for, then, it is very re- 
markable, being accompanied with great 
uneaſineſs and anxiety, — The action of 
the air, aliments and bile, upon the inteſ- 


tines, which is the cauſe of their periſtaltic - 


motion 


ter, and even ſome appearance of contradiftion in the laſt ſup- 


polition : - for it may well be aſked, what is an idea drowned 
in another, but a perception unperceived? Withont pretend · 
ing to deeide, therefore, in this fo. very ſubtile a queſtion, I 
ſhall only take notice of a fact, which, if duly weighed, 
would perhaps go as far towards. clearing it up as any other 
conſideration whatever, It is well known Sir Jſaac Newton 
has proved, by a beautiful variety of experiments, that, from 
the union of ſimple-coloured rays, are formed compound-ca- 
loured ones; for example, that a red and yellow ray mingled 
make an orange; blue and yellow a green one, and fo of 
the reſt; and that all the fimple-coloured rays combined form 
a white one. But this diſcovery is by no- means confined to 
colours as they exiſt out of the mind, either in the rays of 
light, or ſurfaces of bodies ; but is equally true of the ideas 
of colours in the mind itſelf: for it appears, by experiments 
that the idea of red, and the idea of yellow, confounded in the 
mind by co-exiſtence' or rapid ſucceſſion, make the ideas of o- 
range; the ideas of blue and yellow, that of green, Cc. and 
thoſe of the ſeven limple colours that of white. 
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motion, is commonly altogether unpercei- 
ved by us; but let the /ftimulus acting on 
the inteftines be increaſed, as is the caſe 
when any ſtrong purgative medicine is 
ſwallowed, or when any acrid humours are 
lodged in the prime viæ, and it will be felt 
very ſenſibly. —The ſtimulus of light upon 
the retina, which makes the pupil contract 
is ſeldom perceived or regarded, unleſs it 
be, when the degree of light is much 
ſtronger than what the eye, immediately be- 
fore, had been expoſed to. —The action of 
the returning blood upon the heart, though 
it be uſually quite imperceptible, ſeems, 
in ſome caſes, plainly to be felt: for peo- 
ple, eſpecially ſuch as have weak nerves, 
| after a ſudden fright, which makes the 
blood return more haſtily, and in greater 
quantity, than uſual to the heart, are ſen- 
ſible, of a particular feeling, not eaſy to be 
deſcribed in words, from this organ's being 
more than ordinarily affected by a ſurcharge 
of that fluid. —In various parts of the bo- 
dy, pulſations, or ſmall alternate convul- 
ſions, are ſometimes perceived; which, as 
they keep not time with the beating of the 

| | heart, 


2 
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heart, cannot be arterial vibrations, but 
muſt be the alternate contractions of muſ- 
cles, or, rather, of a ſmall parcel of their 
fibres. There is no ſenſation of a ftimulus 
in the part before theſe motions begin, or 
while they continue; and yet, as they fre- 
quently happen to people in good health, 
whoſe brain and nervous ſyſtem are ſound, 
it is more than probable that they are 
owing to ſome obſtructing matter, which 


diſtracts the fibres of the ſubciler veſſels, or 


to acrid particles in the fluids coming into 
contact with the tender nerves of the con- 

vulſed part. | z to: nd 
B Thr ſtimulus occaſioning the vital mo- 
tions is unperceived by us, not only on ac- 
count of its gentleneſs, but alſo becauſe we 
have been accuſtomed to it from the earli- 
eſt period of our lives. The force of cuſ- 
tom is prodigious and unaccountable;; hat 
we have been long uſed to, we become 
ſcarcely, ſenſible of, while things which are 
new, though much more trifling, and of 
weaker impreſſion, affect us remarkably, 
Thus he who is wont to ſpend the greateſt 
part of his time in the ſilent retirements 
of 
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of the country, is ſurpriſingly affected, upon 
his firſt coming into a populous city, with 
the noiſe and buſtle which prevail there: 
of this, however, he daily becomes leſs and 
leſs ſenſible, till, at length, he regards it no 
more than they who have been uſed to it all 
their life-time. 4 viz 
Ink ſame ſeems to be the caſe, Ad, with | 
regard to what paſſes within our bodies. 
Few perſons in health feel the beating of 
their heart, though it ſtrikes againſt the 
ribs, and that too with a conſiderable force 
every ſecond or oftener; whereas the mo- 
tion of a fly upon one's face or hands, oc- 
caſions a very ſenſible and an uneaſy titil- 
lation. — The pulſation of the great aorta 
itſelf is wholly unobſerved by us; yet the 
unuſual beating even of a ſmall-artery in 
any of the fingers, from an obſtruction of 
its veſſels, becomes very remarkable. — Al- 
though the blood rufhes into the ventricles 
of the heart with a conſiderable velocity, 
and is thence expelled into the arteries with 
a much greater force; yet we are not con- 
ſcious of ſo much as one drop of that fluid 


* this way; otherwiſe the circulation 
of 
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of the blood could not have remained. ſo 
long a ſecret to mankind. And if we are 
not ſenſible of the ſtimulus of the air, ali- 
ment and bile upon the inteſtines, which, 
however, all allow to be the cauſe of their 
vermicular motion; nor are immediately 
conſcious of the action of opium upon the 
nerves of the ſtomach, which yet produces 
ſurpriſing effects over the whole body; why 
ſhould it be thought ſtrange that we do 
not feel the ſtimulus of the blood upon the 
internal ſurface of the ventricles of the 
heart, which is more gentle than the laſt, 
and which, as well as the firſt, cuſtom, that 
ſecond nature, prevailing from the very be- 
ginning of our lives, has rendered quite fa- 
miliar and unheeded. 

Uro the whole, from what has been 
ſaid, it may fully appear, that there is no 
good reaſon for denying the vital motions 
to proceed from ſlimuli affecting the mind, 
becauſe we are not conſcious of this; or 
for imagining that the blood does not 
gently irritate the heart, becauſe we do 
not feel a particular ſenſation in this organ 

T t immediately 
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immediately preceding its ſeveral contrac- 
ien, 

O0. III. Ir may be faid, that although 
we are inſenſible of the ſtimuli affecting the 
organs of vital motion, either from their 
ſlightneſs or from cuſtom; yet we ought to 
be conſcious of the exertion of the mind's 
power in producing theſe motions. 

Anſwer, a THAT a man may, in general 
and with propriety, be called conſcious of 
any action, it is not only neceſſary he ſhould 
perceive it, during the time in which it is 
performed, but alſo that he be able to re- 
collect it after it is paſt: for though one be 
ſenſible, while a viſible object is before him, 
that he ſees it; yet if he retains not the 
leaſt memory of it after it is removed out 
of his fight, he can neither ſatisfy himſelf 
nor others that ever he ſaw it. In like man- 
ner, we cannot be called conſcious of an ac- 
tion or volition that is not adverted to when 
performed, or, as ſoon as it is over, is en- 
tirely forgotten by us: for as there are ſome 
ſenſations, either ſo flight in themſelves, or 
ſo much weakened by the diverſion of our 


attention, that they leave no traces in the 
memory; 


J 
1 
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memory; ſo there may be actions and voli- 
tions, that are either ſo faint, ſo habitual, 
or ſo much lefſened amid ſtronger and more 
important exertions of the mind, that they 
may not - only be entirely and for ever for- 
gotten, but never ſo much as taken notice of 
or reflected upon. 

B SETTING aſide, however, all metaphy- 
{ical conſiderations, we may find arguments 
a poſteriori ſufficient to prove that the mind 
does perform actions, which nevertheleſs are 
unattended with conſciouſneſs. Thus, al- 
tho? we are not conſcious of any effort of 
the mind in producing thoſe motions of the 
body, which tickling the ſides or the ſoles 
of the feet excites; yet it appears they in 
fact do proceed from the mind, from the 
like motions being produced, though in a 
leſs degree, by the fear, only, or apprehenſion 
of being tickled. —Duſt, as well as flies and 
ſeveral other inſects paſſing before our eyes, 
make us ſhut the palpebræ; and yet theſe 
motions, which certainly proceed from the 
mind, are not often attended to, and ſeldom 
remembered by us. —The contraction of 
the pupil from light, and of the muſcles of 

the 
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the internal ear from ſound, has been ſhewn 
ro ariſe from an exertion of the mind's 
power, of which, however, we are in no de- 
gree ſenſible. —As the erection of the penis 
often proceeds from laſcivious thoughts, it 
muſt be aſcribed, in theſe caſes at leaſt, to 
the mind, notwithſtanding our being equal- 
ly unconſcious of its influence exerted here, 
as in producing the contraction of the heart. 
The ſight, or even the remembrance of 
grateful food, is accompanied with a ſud- 
den and copious excretion of ſpittle into the 
mouth of a hungry perſon: certain ideas 
excited in the mind are the occaſion of an 
uncommon flow of tears, from the. lachry- 
mal veſſels: and a nurſe's breaſt pours out 
its milk when a child is brought, only, near 
it, The extraordinary motions of the vel- 
ſels of thoſe parts cannot in any other way 
be accounted for, than by aſcribing them 
to the mind; of whoſe action, however, 
we are no ways conſcious. 

FuRTRHER, ſince, in conſequence of cer- 
tain ideas being excited in the mind, the 
ſtomach is immediately affected with a nau- 
ſea and vomiting, it cannot be denied that 

this 
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this is owing to an increaſed action of the 
nervous influence, by means of the mind, 
upon the muſcular fibres of this organ; yet 
we are not at all more ſenſible of an exer- 
tion of the mind's power in this caſe, than 
we are when vomiting is excited by ſwal- 
lowing a doye of ipecacuanba or emetic tar- 
tar. The want of conſciouſneſs, therefore, 
can be no ſufficient argument againſt the 
motion of the ſtomach, whether natural or 
perverted, being produced by the active 
power or energy of the ſentient principle, 
which is variouſly affected by the different 
' ſtimuli applied to the delicate nerves of that 
organ; and if the idea, only, of a diſagree- 
able ſenſation in the ſtomach, can occaſion, 
through the influence of the mind, the mo- 
tions of vomiting, why ſhould not the real 
feeling of ſuch a ſenſation in it, more re- 
markably affect the mind, and fo excite it 
to produce ſimilar motions, 

WHAT has been ſaid with regard to the 
motions of the ſtomach, may readily be ap- 
plied to thoſe of the heart: for no ſooner 
are certain ideas preſented to the mind, 
than the motion of the heart is increaſed 

and 
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and accelerated; which muſt, therefore, 
_ undoubtedly be the effect of an extraordina- 
ry action of the nervous power on its fibres 
conſequent upon the emotion raiſed in the 
ſoul: yet of this effort of the mind we are 
not in any degree conſcious. If, therefore, 
the mind can thus influence the heart's mo- 
tion, and we, at the ſame time, not be ſenſi- 
ble of its power being directed to that end, 
it can by no means appear unreaſonable to 
ſuppoſe, that the ſtimulus of the returning 
blood may excite the ſentient principle to 
bring the heart into contraction, although 
we are not in the leaſt conſcious of any ſuch 
exertion of its power. 

Bur, the objection againit the mind's 
being concerned in the vital and other in- 
voluntary motions, drawn from our not be- 
ing conſcious of its interpoſing for this end, 
is quite overturned, by conſidering that a 
great variety even of the voluntary motions 
are many times performed, when we are in- 
ſenſible of the power of the will exerted in 
their production. Thus, while in walking 
we either meditate by ourſelves, or converſe 
with others, we move the muſcles of our 

legs 
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legs and thighs, without attending to, or 
knowing any thing of the matter. We are 
not ſenſible of the eye-lids being kept open 
by the continued operation of the will ; bur 
yet, when drouzineſs and ſleep ſteal upon us, 
we find it requires a conſiderable effort to 
prevent the falling down of the ſuperior pal- 
pebræ. The ſame thing is true of the ac- 
tion of the muſcles which ſupport the head. 
The moſt probable account of our igno- 
rance of theſe things, which, as they are 
tranſacted within the ſphere of our own bo- 
dies, it might be expected we ſhould be well 
acquainted ,withal, ſeems to be this, wiz. 
that we not only acquire, through cuſtom 
and habit, a faculty of performing certain 
motions with greater eaſe than we were 
wont to do them, but alſo, in proportion as 
this facility is increaſed, we become leſs ſen- 
ſible of any ſhare or concern the mind has 
in them. , Thus a young player upon the 
harpſicord or a dancer, is, at firſt, very 
thoughtful and ſolicitous about every mo- 
tion of his fingers, or every ſtep he makes 
while the PROFICIENTS or MASTERS in 
theſe arts perform the very ſame motions, not 
only 
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only more dexterouſly, and with greater a- 
gility, but almoſt without any reflexion or 
attention to what they are about. 

Sonux indeed have gone ſo far, as to de- 
ny that even the voluntary motions are 
owing to the mind as their proper cauſe, 
and have thought the direction of the ſeve- 
ral voluntary muſcles, in order to perform 
the various motions of the body, to be an 
office which its faculties are by no means e- 
qual to“. But if theſe motions be not ow- 
ing to the mind, from what cauſe, I 
pray, external or internal, do they proceed? 
They cannot be owing to the powers of the 
body alone; and it is in vain to attribute 
them to any Law which it may be pre- 
tended the DET T has eſtabliſhed ; ſince 
a law can produce no effect of itſelf, and, 
without ſome agent to execute it, is only 
a mere name or empty ſound : they muſt, 
therefore, be aſcribed either to the imme- 
diate agency of the SUPREME BEING, or 


to that of ſome general inferior NATURE, 
which 


Haller. not. in Boërhaav. Inſtitut. vol. iv. p. 588. 
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which HE has conſtituted for this purpoſe, 
or to the energy of a particular active PRIN- 
C'IPLE united with the body. The firſt 
two ſuppoſitions are indeed, poſſible but not 
at all probable, as is the laſt; whence it 
may be inferred, that not only the volunta- 
ry motions, of which we are immediately 
conſcious, but thoſe alſo which we do not ad- 
vert to, proceed from that SENTIENT and 
INTELLIGENT PRINCIPLE With which 
the AUTHOR of nature has animated our 
bodies; whoſe powers and operations, it 
muſt be owned, are, in many inſtances, 
as much above our knowledge, as is the 
nature of its union with the body, or 
the manner of rheir , e action 50 
each other. | | 


0hj. IV. Ir the vital motions were owing 
to the mind, they ſhould be under its domi- 
nion or controul; and we ought at any 
time to be able to ſuſpend or vary theſe: mo- 

tions at pleaſure. | 
Anſwer. a. In all actions which are the 
reſult of reaſoning and deliberation, man evi- 
3 dently 
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dently appears to be a FREE AGENT : for he 
has it in his power, after weighing all mo- 
tives and circumſtances, to prefer this or 
the other action, or to abſtain from acting 
altogether. Bur there are actions, to- 
wards the performing of which we are 
in no ways determined by reaſon, and 
where the mind is not a free but a ne- 
ceſlary agent. Of this kind are the invo- 
luntary motions of thoſe muſcles, whoſe 
fibres are affected by any conſiderable ſtimu- 
li; for the application of external objects to 
their proper organs, does not more certainly 
or immediately excite correſponding ideas 
in the mind, than certain uneaſy ſenſations 
produce conſequent motions of - the body. 
As we cannot, therefore, hinder: ourſelves 
from ſeeing every object which is painted 
on the bottom of the eye, nor from hear- 
ing every found which affects the car; ſo 
neither can the mind refrain from exerting 
its power of moving a muſcle, whoſe ſen- 
ſible fibres are ſtrongly affected by a /{imulus. 
And as no body ever went about to deny 
that is was the mind which ſees colours and 


hears ſounds, becauſe, whenever the external 
cauſes 
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cauſes exciting theſe, are applied to their 
proper organs, we can, by no effort of the 
will, prevent ourſelves from ſeeing or hear- 
ing, nor can ſee and hear objects or ſounds 
different from what theſe impreſſions natu- 
rally repreſent ; ſo it muſt be wholly unrea- 
ſonable to pretend that the vital and other 
involuntary motions cannot ariſe from 
the energy of the mind, becauſe the will 
has no immediate power over them. 


XM action is denominated free, from the 
agent's having willed or choſen ir, when he 


had a phyſical power of doing otherwiſe ; 
thus the action of ſwallowing poiſon is ſaid 
to be free, when a perſon chuſes it, and 
might have refrained from it ; but the con- 
vulſive motions of the ſtomach and dia- 
phragm which ſoon enſue upon taking it, 
are ſtrictly neceſſary ; ſince the mind can- 
not, by any effort or exertion of its power, 
prevent them; being as certainly determi- 
ned to move theſe parts violently, from the 
diſagreeable ſenſation which the poiſon ex- 
cites, as a ſtone is in falling to the ground, 
or a balance in inclining to the fide where 
there is the greateſt weight, from the prin- 

£2 ciple 
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ciple of gravity, The only difference in 
theſe caſes is, that in the firſt, the cauſe 
operates by means of a living ſentient prin- 
ciple; and in the laſt, acts upon inert and 
liſeleſs matter. 
As the actions which neceſſarily follow 
an irritation of our muſcles, or any uneaſy 
ſenſation in the body, are not performed 
by the mind, in conſequence. of any pre- 
vious ratiocination, or from any views of 
their being immediately neceſſary, or con- 
ducive to the welfare of the body; ſo nei- 
ther do they flow from cuſtom or habit; 
ſince new- born children perform them as 
well as the oldeſt, and moſt experienced 
man. -. Infants, as ſoon as they come into 
the world, perform the action of breathing, 
though quite unaccuſtomed to it before; 
they ſhut their eye-lids. upon the approach 
of light, vomit when their ſtomach is op- 
preſſed, ſuck when hungry, ſneeze, or 
cough, upon any irritation of the mem- 
brane of the noſe or windpipe, and void 
their excrements and urine, when theſe ex- 
cite an uneaſy ſenſation in their. inteſtines 
or bladder, 
IT 
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IT has been ſaid that in the“ beginning 
of life the vital motions were altogether 
voluntary; and, that it is only from uſe or 
© cuſtom, that they have become ſo neceſ- 
«« ſary, as io make it Impoſſible for us to 
„ hinder their going on in their uſual man- 
* ner *. Bur although cultom may en- 
able us to perform ſome actions with ſur- 
priſing facility and little or no attention, 
yet it will not render the motions of muſcles 
abſolutely involuntary, which were original- 
ly yaluntary,—There is no inſtance in the 
human body of any muſcle, whoſe motion 
can be fairly proved to have been volun- 
tary in the beginning of life, that has by 
cuſtom or habit become ſo far indepen- 
dent on the will, as to be in 2 degree under 
its immediate controul. Thus, although 
uwe cannot put in motion the muſcles of one 
of the eyes, without, at the ſame time, 
moving the muſcles of the other eye, in 
that way which we have always been ac- 
cuſtomed to do, yet we can move theſe 

muſcles 


* Dr Porterfie/d's Treatiſe on the Eye, vol. ii. 
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muſcles as flowly, or ſwiftly, as we pleaſe, 
or reſtrain their motions altogether : and 
the learned M. de Haller has well obferved 
againſt the followers of Stahl, that the muſ- 
cles of the eye-lids, and thoſe which ſerve 
to erect the back, though they are almoſt 
conſtantly employed, except in time of 
ſleep, nevertheleſs continue to be ſubject to 
the will “. Further, fince the motion of 
every voluntary muſcle in the body be- 
comes, at once, altogether involuntary, 
when 1ts fibres or nerves are irritated, there' 
is furely no need of having recourſe to cu- 
ſtom or uſe, in order to account for our ha- 
ving no power over the motions of the 
heart and alimentary canal. | 

IT remains, therefore, that the motions 
performed by us, in conſequence of irrita- 
tion, are owing to the original conſtitution 
of our frame, whence the ſoul or ſentient 
principle, immediately and without any pre- 
vious ratiocination, endeavours by all means 
and in the moſt effectual manner, to avoid or 
get rid of every diſagreeable ſenſation con- 


veyed 
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veyed to it by whatever hurts or annoys the 
body. 

WHEN the organ is not extremely ſenſi- 
ble, or when the ſtimulus is very flight, or is 
applied to ſome diſtant part, and not imme- 
diately to that which is to be moved, we 
can, by an effort of the will, reſtrain thoſe 
motions, which otherwiſe would follow ; bur 
if the nerves of the part be more delicate, 
and ſuſceptible of the ſmalleſt impreſſion ; 
if the ſtimulus be ſtronger and applied im- 
mediately to the organ which is to be 
brought into action; then the motions 
which follow, are neceſſary, and cannot be 
controuled by the power of the will ; becauſe 
the mind is more ſtrongly affected by the 
uneaſy feeling excited by the irritation, 
than by any arguments or motives it can 
poſſibly preſent to itſelf: for, although 
we may, in ſome caſes, be fully convinced 
that theſe motions tend to the deſtruction 
of our body, yet even this conſideration 
does not enable us, either to leſſen or pur 
a ſtop to them ®.—To illuſtrate this 


matter 


A ſubtile defender of the Stahlian doctrine has at laſt been 
obliged to acknowledge, that the vital and other involuntary 
motions 
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matter by a few examples. —In voiding the 
excrement and urine, the contraction of the 
abdominal muſcles and diaphragm is uſu- 
ally in fome meaſure voluntary, and can be 
reſtrained at pleaſure, becauſe the ſtimulus is 
not only flight, but applied to a diſtant 
part; but in a violent fencſmus or ſtrangury 
the motion of theſe muſcles becomes alto- 
wether neceſſary and convulſive, not becauſe 
the mind is leſs concerned in this laſt caſe 
than before, but becaufe the painful ſenſa- 
tion compells it to act.— If the internal mem- 
brane of the wind-pipe be ſlightly irritated, 
we can reſtrain coughing; but if the tick- 

ling be ſtrong, we loſe this power. When 
| 1 | | | the 


motions of animals are orally neceſſary, although not truly 
or phyſically ſo f. But thoſe actions which are only morally 
neceſſary, are ſo far voluntary as to entitle the agent either to 
praiſe or blame; and they are attended with a conſciouſneſs of 
liberty: While, on the contrary, the motions of the heart and 
alimentary canal, as well as of ſuch voluntary muſcles as are 
ſtrongly irritated, are no indications of the moral diſpoſitions 
of the mind, nor are they attended with the leaſt conſciouſneſs 
of their being free, or that we could have reſtrained them by 
the power of the will, As theſe motions, therefore, are moſt 
certainly not voluntary; fo neither can they, with any truth 
or propriety, be faid to be only morally neceſſary, 


+ Dr Porterfield's Treatiſe on the Eye, vol. ii. p. 154. 
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the tunica cornea, or conjunctiva of the eye, 
is gently ſtimulated, we can, by an effort of 
the will, prevent the ſhutting of the palpe- 
bre ; but when any thing very acrid is ap- 
plied to theſe parts, the eye-lids are moved 
neceſſarily, —Although the contraction of 
the pupil ariſes from the adion of light upon 
the retina, and not upon the fibres of the 
iris; yet this motion is altogether involun- 
tary, on account of the extreme ſenſibility 
of the irritated part. 
The motions of the heart and alimenta- 
ry canal are wholly neceſſary, becauſe the 
nerves of theſe organs are endued with a pe- 
culiar ſenſibility, and the ſtimulus is immedi- 


ately applied to them“. Nor can the 
XX mind 


Some phyſicians of note have concluded the heart to be poſ- 
ſeſſed only of a very ſmall degree of ſenſihility, becauſe brute ani» 
mals, after their thorax is opened, ſhew no ſigus of new pain when 
their heart is wounded, But, unleſs the heart were endued 
with a more acute feeling than the ſkin and other parts that 
are hurt in opening the cheſt, the ſufferings of thoſe animals 
ought not to be ſenſibly increaſed by pricking or cutting their 
heart. Add to this, that, after the thorax is opened, and the 
heart laid bare, the animals, being in a dying ſtate, have all 
their feelings much impaired. 


Since 
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mind leſſen the violent contractions of the 


heart in a fever, however conſcious it may 
be 


Since the ſenſibility of the medullary part of the brain has 
been inferred from the convulſive motions, occaſioned by irri- 
tating it, may we not conclude, that the heart, whoſe motion 
is remarkably accelerated even by very gentle imuli, is endued 
with no inferior degree of feeling? and this ſeems to be con- 
firmed, by obſerving, that, the motion of the heart is often 
greatly quickened by. a degree of acrimony in the blood im- 
percep:ivle to our ſenſes, and by the chyle, which is much lets 
acrid than thoſe aliments from which it is prepared, and which 
the ſtomach and inteſtines bear without any pain or remarka- 


ble increaſe of their periſta]tic motion. I ſhall only add, that | 


the internal ſurf ice of the heart, to which the returning venous 
blood is applied, appears from experiments “, to be much 
more ſenſible than its exterior part, which is covered with a 
continuation of the p/eura, whence that fluid, which is a ſſimu- 
lus peculiarly adapted to the nerves of the heart , muſt affect 
it more ſtrongly, than ſharper liquors applied to it outwardly. 
The objection to the ſenſibility of the heart, drawn from its 
having been found much diſeaſed after death, although the pa- 
tients had complained of no acute pain within the thorax, is of 
very little force; for I have often met with inflammations, 
ſuppura tions and mortifications in ſeveral ot the abdominal 21% 
cera, nay, even in the inteſtines themſelves, 'in the bodies of 
patients, who had, during their life, complained rather of an 
uneaſineſs than an acute pain within their belly: and pra- 
ctical phyſicians well know, that, according to the degree of 
the diſeaſe, and peculiar conſtitution of the patient, inflam - 
matory as well as other diſorders are attended with very 
| | | different 

Act. Gotting. vol. x. + See above p. 21, 22, & 56, Fc, 
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be of the danger ariſing from too impetuous a 
motion of the blood ; becauſe the heart be- 


ing more ſtrongly ſtimulated than uſual by 
that fluid, the ſentient principle, in order 


to expel the irritating cauſe, is neceſſarily 
excited. 


different degrees of pain. Nor is the inſtance, quoted from 
Harvey, of a young nobleman who felt no pain when his heart 
was touched, of any weight; for, in this caſe, the heart was 
defended by a thick inſenſible fungous or callous covering ; 
whence handling it, gently, neither occaſioned any uneaſy ſen- 
ſation nor diſturbed its motion. And, indeed, as neither the 
membrane which lines the noſe and farces, nor the tongue, 
glans penis and inteſtines +, although among the moſt ſenſible 
parts of the body, are affected with any painful ſenſation when 
they are gently touched; it is probable, that were the pericar- 
diam, or even the ſurface of the heart itſelf, in a ſound ſtate, to 
be touched with one's finger, no pain would be felt, but a dif- 
ferent kind of (ſenſation, which might perhaps diſturb its re- 
gular motion, and occaſion ſome degree of faintneſs. 

The ſtimuli, which, in a natural ſtate, excite the alternate mo- 
tions of the heart and alimentary canal, do not affect theſe or- 
gans with any painful ſenſation, but with a flight titillation, 
which in ſome caſes is as effeual to produce motion, or even 
more ſo than pain: Thus when the neck, the ſides, or the ſoles 
of the feet are tickled, violent motions of the muſcles of the 
head and trunk of the body or of the limbs enſue ; which how- 
ever do not happen, when thoſe parts are affected with an a- 
cute pain, by being pricked or cut with a ſharp inſtrument. 


* Harvei de generat, animal. exercitat. Iii. 


+ Sce Pbyſiological Eſſays edit, ii, p- 156, 
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excited to contract this muſcle with propor- 
tionably greater force. — The motions of 
the inſpiratory muſcles can be accelerated, 
retarded, or altogether ſtopt, as often as we 
pleaſe; becauſe the ſtimulus exciting them, 
is not immediately applied to their fibres or 
nerves but to the blood veſſels of the lungs, 
which are not very ſenſible, and with which 
they have little or no connexion. How- 
ever, as often as this fimulus is greatly in- 
creaſed, by the difficult paſſage of the blood 
thro? the lungs, and there is an immediate 
danger of ſuffocation, the motion of thoſe 
muſcles becomes more neceſſary, and almoſt 
ceaſes to be under the power of the will. 
In a fever, when, from an obſtruction or 
perverted motion of the fluids in the brain, 
or its membranes, the patient talks of ſecing 
and hearing things which are neither pre- 
ſent nor ſpoken, he may be readily convin- 
ced of his error, provided the delirium be of 
a ſlight kind; if otherwiſe, we endeavour 
in vain to correct his wrong judgment by 
reaſon or argument, ſince the diſordered 
ſtate of the brain makes a ſtronger impreſ- 
ſion upon the mind, than any arguments 


or 
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or external conſiderations whatever: yet a- 
crid cataplamſms applied to the ſoles of the 
feet, as they give great pain, and ſo make a 
remarkably ſtrong impreſſion on the ſem- 


forium commune will often leſſen, and ſome- 


times entirely remove ſuch a delirium. But, 
Tux objection againſt rhe mind's pro- 


ducing the vital motions, drawn from their - 


being involuntary, muſt appear extremely 
weak; ſince there are a variety of motions 
equally independent upon our will, which 
yet are certainly owing to the mind. Thus, 
as has been already obſerved, the contraction 
of the pupil from light, and the morions of 
the body from tickling, or the apprehenſion 
of it, undoubtedly flow from the mind, not- 
wichſtanding their being involuntary. 
The ſhutting of the eye lids, when a blow 


is aimed at the eye, is another inſtance of 


a motion performed by the mind in ſpite of 
the will; for as the threatened blow does 
not, by any corporeal contact, affect the or- 
bicular muſcle of the palpebre, its contraction 
mult neceſſarily be deduced from the mind, 
moved to perform this action from the ap- 


prehenſion of ſomething ready to hurt the 
eye: 
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eye: and if there are ſome who, by an ef- 
fort of the will, can reſtrain this motion 
of their eyelids, yet this does not proceed 
ſo much from the mind's making no at- 
tempt, in conſequence of the apprehended 
danger, to cloſe the palpebræ, as from the 
ſuperior eye lids being kept up by a ſtrong 
voluntary contraction of its levator muſcle. 
We cannot, by an effort of the will, ei- 
ther command or reſtrain the erection of the 
penis; and yet it is evidently owing to the 
mind; for ſudden fear, or any thing which 
fixes our attention ſtrongly and all at once, 
makes this member quickly ſubſide, though 
it be ever ſo fully erected. The titillation, 
therefore, of the veſiculæ ſeminales by the ſe- 
men, laſcivious thoughts, and other cauſes, 
only produce the erection of the penis, as 


they neceſſarily excite the mind to deter- 


mine the blood in greater quantity into its 
cells *. — A ſhocking fight, or a diſagree- 
able ſound, will often, in an inſtant, excite 
a tremor or ſhivering over the whole body; 


which cannot be owing merely to the me- 


chanical action of light upon the eye, or of 
| _ - found 


Vid. Sect. vi. Ne 4. above. 
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ſound upon the ear; fiace, when the exter- 


nal organs are unaffected by theſe things, 
their idea, recalled by the mind, can of ir- 


ſelf produce a ſimilar effect: this motion, 
therefore, though it be involuntary, and can 
neither be performed nor ſtopt at pleaſure, 
mult neceſſarily be owing to the mind or 
ſentient principle. 

Ir, therefore, we have found various in- 
voluntary motions ariſing from the mind, it 
can be no proof againſt rhe vital motions 
flowing from the energy of the ſame princi- 
ple, that they are involuntary : and if the 
motions of the voluntary muſcles them- 
ſelves become involuntary, as often as they 
are excited into action by ſtimuli applied 
to their fibres, or nerves, it can be no wonder 
that the motions of the heart and aliment- 
ary canal are neceſſary, and independent on 
the will, ſince theſe organs are perpetually 
expoſed to the alternate action of a ſtimulus, 

Ir it be aſked, why, when neither light 
nor ſound affect the muſcles of the uvea and 
internal ear, we cannot at pleaſure move 
them; or why we cannot at any time, by 
aq effort of the will, immediately produce an 

erection 
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erection of the penis; it may be anſwered, 
that as mankind, by having their ears ried 
down when young, loſe the power of mo- 
ving them, though there ſeem to be muſ- 
cles deſtined by nature for this purpoſe ; ſo 
the mind, through diſuſe, may have loſt its 
power of moving the above mentioned 
muſcles at pleaſure, even when they are not 
acted upon by a ſtimulus: or why may we 
not, for wiſe purpoſes, be ſo framed by the 
AUTHOR of nature, that the mind, while it 
can at pleaſure contract the greateſt part of 
our mulcles, may have no power over 0- 
thers, whoſe motions are to be regulated 
only by certain ſenſations, ſince theſe will 
never fail to excite the ſentient principle into 
action, when it is neceſſary or proper? where- 
as, if thoſe motions were ſubject to the will, 
it is probable, that men, by a perverſe effort 
of this, would in many caſes greatly pre- 
judice their health, or endanger their lives, 
And I imagine, that the mind's want of 
power over the motion of the heart ; is 
not only owing to its being continually 
acted upon by a ſimulus *, but in part to 


an 
# Se. i, Ne 12. & 13. above. 
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an original conſtitution *.; and that tho 
we ſhould ſuppoſe . that organ for à little 
while free from every degree of irritation, 
vet the mind, by an effort of the will, 
could not move it. T hus, notwichſtanding 
the mind remains preſent with the body, 
and ready to actuate it in a {yucope z yet it 
can neither directly renew the heart's motion 
after it has ceaſed, nor communicate a 
ſtronger contraction to it when jt - is: juſt 
going to fail: and there is no reaſon to 
think, that theſe animals which lie in a 
death-like ſtate during the winter-ſeaſon, 
have, when they begin to revive in the 
ſpring, any more power over the motion of 
their heart, than thoſe in whom its mo- 
tions continue without any ſuch inter- 
ruption from the beginning to the end of 
their lives. 0 K 
Ty 531 SC We 


* By an erloinal ee 1 here n mean an no mc more, than 
that we are ſo formed, that the mind, which can at pleaſure 
move moſt of the muſcles of the body, has, from the beginning 
of life, no power ta move the heart and other * 6 
muſcles, unleſs when it is excited to do this by /fimult acting 
upon-them, or upon ſome neighbouring part with which they 
have a peculiar ſympathy q 
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We need not, therefore, with Mr Lieutaud, 
have recourſe to any croſſings or entrelace- 
ments of the nerves of the vital organs, or 
ro their proceeding from different parts of 
the brain, in order to account for their not 
being ſubje&t to the power of the will“; 
eſpecially fince we ſee that the motions of 
the uvea and muſcles of the internal ear, 
notwithſtanding their nerves are deſtitute 
of the above conditions, are equally in- 
voluntary with thoſe of the heart ; that 
the muſcles of the arm, whoſe nerves have 
theſe croſſings, are, nevertheleſs, moved by 
us at pleaſure ; and that, in ſhort, even the 
voluntary muſcles, when affected by any re- 
markable ſtimulus, ceaſe to be under the 
controul of the will . 

Oh. V. Tax mind can only perceive 
diſtinctly one idea at once; and therefore 
muſt be incapable to attend to and govern 
all the vital and involuntary motions, which 
are ſo numerous 4. 

Anſwer. THIS objection is chiefly level- 
led againſt the opinion which fuppoſes the 

£2", 

Eſſais anatomiq. p. 702. & Element. Phyſiolog. p. 72* 

+ See above, ſect. i. No 12. & 13. 

t Haller. not. in Boerhaave inſtitut. med. p. 589. 
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vital motions to be regulated and carried on 
by the mind as a rational agent, and there- 
fore does not much affect our theory: for 
whether the mind can diſt inctly apprehend 
more ideas than one at a time, or no, yet 
ſurely it can and does feel various ſenſations 
in different parts of the body at one and 
the ſame time; and we know that it can 
move many of the voluntary muſcles in 
the ſame inſtant. Why, therefore, may 
it not, in conſequence of the perception 
of various /limuli affecting the different vital 
organs, move them alternately ? 

Bo tx further, when Mahomet Caratta, the 
the famous equilibriſt, ſtood with one foot 
on the ſlack wire, toſſing, with his hands, 
ſix or ſeven balls up into the air, and 
catching them again, was he not atten- 
tive to more than one thing at once? In 
this caſe, the equilibrium of the body was 
to be preſerved, the balls were to be taken 
out of his girdle, they were ſeverally to 
be thrown up into the air, to be caught 
as they came down, and toſſed up again; 
and theſe motions, which followed each 
other with ſurpriſing quickneſs, were con- 

| tinued 
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tinued for ſome conſiderable time. Any 
man can hear a ſound and perceive a 
particular colour at the ſame time and 
though ever ſo attentive to theſe, he will 
not fail, if a fly happens to run along his 
face, to drive it off with his hand, that he 
may avoid the tickling ſenſation which it 
excites. In like manner, how much ſoever 
the mind may be buſied with its own 
thoughts, or the ideas of external objects; 
yet is it ever ready to perceive and feel the 
various ſtimuli which alternately affect 
the vital organs, and, in conſequence of this, 
to continue their morions. Nor is there a- 
ny need of an infinite wiſdom in the mind, 
as ſome have objected, to enable! it to car- 
ry on the ſeveral vital and other inv oluntary 
motions, with different and always varying 
degrees « of force and quicknels, broom hb to 
lince, in in doing this, the mind has no parti- 
cular wiſe ends i in view ; ; nor is it influenced 
by any rational motives, but merely by the 
im affefting the, ſeveral « organs,” . e. it 
ads as SENTIENT, and not as a RATlo- 


NAL principle. In the AuTHOR 57 nature, 
benni ihowever, 
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however, who has framed both the ſoul and 
body, and thus adapted them to each other, 
we ought, as upon many other accounts, ſo 
alſo upon this, ro acknowledge a wiſdom 
that is infinite and unſearchable! 


In contemplating the various motions of 
animals, we obſerve a ſtriking analogy; a 
remarkable agreement in ſome things, and 
a diſagreement in others. 


r. Sour of the voluntary motions, by 
the force of cuſtom and habir, come ar 
length to be performed with little or no at- 
rention of mind; and, though we have full 
power to begin or ſtop them when we 
pleaſe, yet they become ſo far independent 
of the will, that we can only perform them 
in a certain way. Of this the uniform mo- 
tions of the eyes are an example. 


2. NEAR LV a-kin to theſe are the mix d 
motions, or thoſe of a middle nature be- 
tween the voluntary and involuntary ; ſuch 
as reſpiration, and the motions of the eye- 


lids when any thing ſlightly irritates the 
corned. 
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cornea, Theſe agree with the motions from 
habir, in being often performed without 
conſciouſneſs; but in this they differ, wiz. 
that the former proceed from a ſtimulus, and 
become altogether involuntary when this is 
increaſed ; while the latter owe their begin- 
ning to an effort of the will, and are always 
ſubject to its controul. 


3. THE involuntary and mix'd motions, 
agree, in general, in proceeding from a 
ftimulus, and in being moſtly performed 
without conſciouſneſs ; but differ, in the 
latter's being partly, and the former not at 
all under the power of the will. Some of 
each of theſe motions never ceaſe, but go on 
alternately through the whole of our lives ; 
while others are only excited on certain oc- 
caſions: among the former kind are the 
motions of the heart, lungs, and alimentary 
canal: of the latter are the contraction of 
the pupil, eye-lids, and muſcles of the inter- 
nal ear. 


4. In ſome of the involuntary motions, 


we are neither conſcious of the ſlimulus, nor 
of 


other INVOLUNTARY MOTIONS. 359 


of the effort of the mind in conſequence of 
it; as is the caſe with the motion of the 
heart, and the ordinary vermicular contrac- 
tion of the ſtomach and inteſtines. In o- 
thers, we are ſenſible of the irritation, or 
diſagreeable perception exciting them, but 
not of any exertion of the mind's power: 
ſuch are the convulſive contractions of the 
ſtomach, diaphragm, and abdominal muſ- 
cles in vomiting, of the diaphragm in the 
hiccup, of the inteſtines in purging, and of 
the acceleratores urine in expelling the ſemen, 


5. Wir reſpect to the mix'd motions; 
in thoſe of the eye-lids, ſo far as they are of 
this kind, we are ſenſible of the irritation, 
or cauſe exciting them, though rarely ſo of 
any effort of the will. —In that of reſpiration, 
neither the fimulus affecting the lungs, nor 
the effort of the mind in conſequence of this, 
are uſually perceived; yet, as often as we 
pleaſe, we can ſuſpend or vary this motion, 
as freely as thoſe of the eyelids. In the 
morions of the diaphragm and abdominal 
muſcles, in expelling the excrement and u- 
rine, which are alſo of the mix'd kind, we 

are 
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are perfectly ſenſible of the fimulus, and fre- 
queatly of an exertion of the mind's power 
in conſequence of it; yet, when the irrita- 
tion is very great, theſe motions become al- 
together convulſive and involuntary 


6. FURTHER, it appears, that as in all 
the works of nature, there is a beautiful gra- 
dation, and a kind of link, as it were, be- 
twixt each ſpecies of animals, the loweſt of 
the immediately ſuperior claſs, differing lit- 
tle from the higheſt in the next ſucceeding 
order; ſo in the motions of animals ſome- 
thing ſimilar may be obſerved ; the mix'd 
motions, as they are called, and thoſe from 
habir, being the link between the voluntary 
zun — motions. | 


{ 


Laſtly, FROM es 1 wars ed in 
this and the preceeding ſections, with a de- 
ſign to ſhew what concern the mind has in 
producing the vital and other , involuntary 
motions, it clearly follows, that the human 
body ought not to be regarded (as it has 
too long been by many Phyſiologiſts) as a 
mechanical machine, ſo exquiſitely formed, 
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as, by the mere force of its conſtruction, to 
be able to perform, and continue, the ſeve- 
ral vital motions “; things far above the 
powers of mechaniſm ! But as a ſyſtem, 
framed indeed with the greateſt art and 
contrivance; a fyſtem! in which the pecu- 
lar ſtructure of each part is not more to be 
admired than the wiſe and beautiful arrange- 
ment of the whole; nevertheleſs, as a ſy- 
ſtem whofe motions are all owing to the 
active power, and energy, of an immateri- 
al ſentient principle to which it is united, 
and by which a part of it is cnlivened 
and actuated. 


Ix accounting for the vital and other in- 
voluntary motions of animals, we have 
ſhewn, that they are all ewing, to irritation; 
and have pointed out the particular ſtimuli 
applied to the ſeveral organs, and exciting 
them into action; we have further thewn, 
that theſe ſtimuli can anly produce their ef- 
fects by the influence they have upon the 
mind or ſentient principle. Burt what way 
the mind puts the muſcles into motion ; what 

| Z. 7 is 
* See Heiſter*s Diſſert. de preſtant. medicin. mechanic. p. 22. 
15. $1: by. 
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is the material cauſe in the brain, nerves, 
and muſcular fibres, which it employs as its 
inſtrument for this purpoſe; what the in- 
timate ſtructure of a muſcular fibre, or the 
preciſe manner in which the nervous influ- 
ence acts upon it, when it produces i its con- 
traction: theſe are queſtions we have whol- 
ly avoided, being perſuaded that whatever 
has been hitherto ſaid on theſe ſubjects, is 
mere ſpeculation; and that to offer any 
new conjectures on matters ſo greatly invol- 
ved in darkneſs, and where we have neither 
data nor phenomena to ſupport us, is to load 
a ſcience already labouring under hyporheſes 
with a new burden. | 
To complete our account of the ſponta- 

neous motions, it now only remains, that 
we inquire into the reaſons why the vital 
motions continue in time of ſleep, and why 
the muſcles, or a few of their. fibres, are of- 
ten obſerved to move for ſome time after 
death or their ſeparation from the body. 


SECT. 


the vital motions do not at this time either 
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SECT. XI. 


Of the reaſon why the vital motions continue in 


time of ſleep. 


HE reaſon why the vital organs are 

continually - agitated with alternate 
contractions, while the other muſcles of in- 
voluntary motion are contracted on certain 
occaſions only, may fully appear from what 
has been already offered; for we have ſeen 
that the former are always expoſed to the 
act ion of ſtimuli, the latter only at particu- 
lar times. But ſince, during ſleep, the or- 
gans of ſenſe become leſs fit for receiving the 
impreſſion of external objects, and the vo- 
luntary muſcles are, in ſome meaſure, relaxed 
and remain inactive, it may be aſked, why 


ceaſe altogether, or become remarkably lan- 

guid? LM | 
To fay here, that the vital motions muſt 
therefore go on without being weakened or 
diſturbed, [becauſe their organs are equally 
acted upon by their proper ſtimuli, both 
c when 


PR. 
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when we are awake and ſleeping, would be 
an incompetent anſwer to this queſtion ; for 
though the ſtimulating cauſe be granted to 
continue the ſame, yet if the organ's apti- 
titude for motion be leſſened, the effect muſt 
be the fame, as though the ſtimulus were 
weakened or entirely wanting. The diffi- 
culry, therefore, which we are to endeavour 
to remove, is, why the vital organs ſhould 
not, like the organs of ſenſe and muſcles of 
voluntary motion, be ſo far affected by 


fleep, as to become leſs fit or able to per- 


form their uſual functions? 

SLEZ?P has been ſuppoſed to be owing to 
ſome change produced in that part of the 
body which Anatomiſts, diſtinguiſhing it 
from the cerchellum, call the BRAIN. And 
this opinion ſeems to have been rendered 
probable by ſome inſtances of people- who, 
having loſt part of their ſkull, were immedi- 
ately ſeized with fleep, whenever their brain 
was gently preſſed ; and by thoſe experi- 
ments which ſhew, that, inſtead of ſleep, 
death itſelf, or at leaſt a ſyncope, is the effect 
of a like compreſſion upon the cerebellum. 
If, rherefore, it could be made appear, that 

7 the 
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che vital organs have their nerves chiefly 
from the cerebellum, aud not from the brain, 
it might be preſumed, that their motions 
continue in time of ſleep, becauſe the nerves 
of the. cerebellum. are not then W like 
thoſe of the brain. 

Nou there are many experiments of Vi- 
euſſens „ Ridley t, and others, ſhewing, that 
reſpiration and the motion of the heart are 
quickly ſtopt upon wounding the cerebellum, 
but that wounds in the brain produce little 
or no change in theſe motions, - On the 0- 
ther hand, ſeveral authors of great reputa- 
tion and unqueſtioned veracity aſſure us, 
that, in their experiments, the vital mo- 
tions continued for ſome. conſiderable time 
after the cerebellum had been cut in pieces. 
However, it does not, by any means, appear 
from other experiments of theſe very au- 
thors, that wounding the brain or cut- 
ting it in pieces affected the vital motions 
more, or even ſo much, as the ſame treat- 
ment of the cerebellum. Are we then to con- 
clude, from theſe experiments, that neither 
| the 


* Neuograph. lib 1. cap. 20. 
+ Anatomy of the brain, chap. 17. 
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the brain nor cerebellum are neceſſary to the 
motions of the vital organs? By the like 
kind of reaſoning, it would ſeem, that the 
nerves alſo, and the influence they may 
have, are unneceſſary in the producing of 
theſe motions, ſince that of the heart has 
been known to remain a conſiderable time 
after the intercoſtals and eight pair of 
nerves have been cut. Do theſe experi- 
ments, therefore, Which prove too much, 
prove nothing at all? Far otherwiſe. The 
true inference ſeems rather to be this; 
That, ſince various experiments concur in 
ſnewing the cerebellum to be more concern- 
ed in the vital motions than the cerebrum, 
while none at all can be produced in proof of 
the tercbrum being more immediately ne- 
n to theſe than the cerebellum*, it 
| 1 —— 


# » E 


n Io the accurate Dr Kaay' 5 W the vital mations 
continued in a dog, above eight hours after the medullary part 
of the brain was broken down: into a pulp; but when the me- 
dullary ſubſtance of the cerebellum was treated in the ſame way, 
though they did pot ceaſe inſtantly yet they began to fail in 
a few minutes 1. When the cerebellum was wounded,. with- 


out 


+ Impet, faciens, N. 328. 
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follows, that the vital organs have their 
nerves, either wholly or - principally, from 
the latter. 

Bor though the cerebellum be the chief 
ſource of the vital nerves, yet its deſtruction 
does not put an immediate ſtop to the vital 
motions, for the ſame reaſon that. cutting 
off the head, or tying the intercoſtal and 
eight pair of nerves, does not produce this 
effect; i. e. becauſe the branches from the 
ſpinal marrow which join the intercoſtals 
together with the ſpirits (if I may be allow- 
ed ro call the influence of the brain by that 
name) remaining in the trunks of the nerves 
and fibres of the heart, are ſufficient to keep 
up theſe. motions for ſome time: in man, 
perhaps, only for a few pulſations, in young 
dogs or cats for ſeveral hours, and in a tor- 
toiſe for ſeveral months; which laſt animal, 
not to mention other differences, has its ſpi- 
nal marrow remarkably large: nay, the 
motion of the hearts of many animals, after 


they are taken out of their bodies, affords 


e us 
out touching the cerebrum, the heart's motion failed ſooner 


than*when the brain alone was wounded *. 


* Impet. faciens. N. 326. 
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us oculat demonſtration that the nervous in- 
fluence, lodged in the fibres of the heart and 
in the ſmaller filaments of the nerves, is fuf- 
ficient to continue the motions of this muſ- 
cle for ſome time, or to enable it to perform 

a great number of contractions. 

T E inſtances given us of animals, whoſe 
cerebella, upon opening them, were found 
ſcirrhous, corrupted, or otherwiſe diſeaſed, 
avail no more, towards proving that the vi- 
tal organs don't derive their ner ves chiefly 
from this part, than do the hiſtories of offi- 
fied and petrified brains, or of monſters born 
with no brain at all, rowards making it a 
clear point that the brain and nerves are, in 
fact, not the ſource of ſenſe and motion . 

By r as it is now acknowledged, by the 


beſt anatomiſts, that the 5th pair of nerves 


1 proceeds 


* The learned M. de Haller indeed, has concluded from the 
continuance of the heart's motion after its ſeparation from the 
body, that it cannot be owing to the influence of the nerves; 
but this phænomenon does not warrant any fuch concluſion ; 


and that the moving power of all our muſcles, the heart not 


excepted, proceeds from the nerves I have clearly proved 
in my Phyſiological Eſſays, Edit. ii. appendix, pag. 245. Sc. 


'4 See Sect. 1. No 1. above. 
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proceeds from the cerebellum, which, howe- 
ver, is not diſtributed ro the vital organs, 
but chiefly to the teguments of the head, 
and muſcles. of the face, whoſe motions are 
voluntary; it may be ſaid, that allowing the 
nerves of the vital organs to come from the 
cerebellum, yet, why thould not they ſuffer 
the ſame diminution of their vigour in time 
of ſleep, as do thoſe parts to which the. fifth 
pair of nerves is diſtributed ? 

In order to throw ſome light on this 
point, it may be of uſe to inquire, briefly, in- 
to the effects of ſleep on the ſentient and 
moving power of the nerves; for from this 
it will appear, whether or not the vital or- 
gans may reaſonably be expected to conti- 
nue their motions during ſleep, even ſup- 
poſing them to be equally affected by it, as 

are the muſcles of voluntary motion. 

In time of ſleep, the /enſorium commune 
remains, in a great meaſure, at reſt, and 
conſequently the uſual exerciſe of the inter- 
nal ſenſes, and the voluntary motions, are 
ſuſpended : but the nerves diſtributed to 
the ſeveral parts of the body do not loſe 
either their ſentient or moving power. It 

Aa a muſt 
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muſt be acknowledged, however, that in 
time of fleep our feelings are leſs acute, 
than when we are awake; and hence the 
fame irritation in the trachea makes us 
cough leſs in the former, than in the latter 
ſtate ; but, notwithſtanding this, the nerves 
continue to be ſo fenfible, that not only 
pricking any part of the body with a pin, 
but touching it gently with one's hand, or 
whiſpering ſoftly into the ear, will break off 
ſleep in many people. * nd as the feeling of the 
parts of the body, although it be_impaired, 
is not ſuſpended in time of ſleep, ſo neither 
is their motion. Thus, altho* upon one's 
falling aſleep, the muſcles which ſupport 
the head ceaſe to act with their uſual 
force, becauſe the will does not exert its 
power in contracting them, in the fame 
manner as when we are awake, yet neither 
theſe muſcles nor thoſe of the face are at 
that time deprived of the nervous power; 
for, if a horſe's hair be drawn along the 
face of a child when i it is aſleep, the muſ- 
cles of the cheeks and mouth will be vari- 
ouſly contracted; and if this irritation be 
continued, the child will at length move 
its 
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its head, and perhaps turn its whole body, 
In like manner, uneaſy feelings in time of 
fleep often make us move and toſs about in 
bed; and ſome people not only talk when 
aſleep, but get up aud walk from one room 
to another. P | 

IT appears, therefore, that in time of 
| ſleep there is no ſuch diminution of the ſen- 
tient or moving power of the nerves as to 
unfit the muſcles of voluntary motion for 
action, provided the mind be excited, ei- 
ther by external ſtimuli, or by certain ideas 
produced in the ſenſorium commune, to put 
them in motion; but when neither of theſe 
cauſes exiſt, it is no wonder if they remain 


at reſt; for the voluntary motions do not 


depend ſole y on the parts being in a fit ſtate 
for action, but on an exertion of the power 
of the will; which does not take place in 
time of ſleep, unleſs, when the ſeuſorium 
commune is diſturbed, or the nerves of ſome 
part of the body are affected by an unuſual 
ſlimulus, And indeed, there is the greateſt 
reaſon to beheve, that were any of- the vo- 
luntary muſcles as conſtantly expoſed to the 


action of an irritating cauſe as is the 
heart, 
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heart, they would at all times, when we 
are aſleep as well as awake, be agitated with 
alternate contractions. As a proof of this, 
many inſtances might be given of the vo- 
luntary muſcles continuing to move in time 
of ſleep. Thus, in aſthmatic caſes, the pa- 
tients often perform inſpiration, when a- 
{leep, partly by the action of thoſe volun- 
rary muſcles which ſerve to raiſe the /ca- 
pulæ and ſuperior parts of the thorax ; and 
there have not been wanting various in- 
ſtances of other voluntary muſcles being 
affected with convulſive motions which did 
not ceaſe in time of fleep. I ſhall only 
mention one'that was very remarkable. 

A Girl of 8 years, for whom my advice 
was aſked, was, without any known cauſe, 
ſcized with an alternate involuntary motion 
of the temporal and maſſeter ' muſcles, 
which, altho' it was repeated about 140 
times in a minute, and continued without 
intermiſſion for fifteen days in time of ſleep 
as well as when the patient was awake, yet 
was attended with no ſenſe of pain, uneaſi- 
neſs or laſſitude in thoſe muſcles. 
N e or 4, Nom, 


other INVOLUNTARY Mor ions. 373 


Now, if an unuſual irritation of the 
nerves or fibres of the temporal and maſſeter 
muſcles could produce an alternate motion 
in them, much quicker than thar of the 
heart in a ſound ſtate, and which continued 
for many days without any intermiſſion ; 
why may not the heart, which is at all times 
expoſed to the alternate flimulus of the re- 
turning venous blood, continue its alternate 
motions through the whole of life, without 
either being wearied, or needing any time 
for repoſe? And this the rather, ſince it is 
not improbable, that, as the heart and in- 
teſtines retain their power of motion, after 
they are ſeparated from the body, longer 
than the other muſcles, ſo their nerves may 
be framed in ſuch manner, as to be better 
able than thoſe of the voluntary muſcles, 
to continue their motion uninterrupted, and 
without needing any intervals of reſt. 

I ſhall only add, that the account I have 
given of the continuance of the vital mo- 
tions in time of ſleep, is rendered ſtill more 


probable, by obſerving, that, in a deep ſleep, 


when the heart, as well as the other muſ- 
cles and organs, loſes a lirtle of its ſenſibility, 


its 
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its motion becomes ſomewhat flower than 
when we are awake; and that opium, which 
is known to deſtroy, in a great meaſure, the 
ſentient power of all the parts of the body, 
has been obſerved ro render the motions of 
the heart remarkably flow in dogs, frogs, 
and other animals * 

As the minute ſtructure and diſtinct uſes 
of the brain and cerebellum are very little 
known, I am far from expecting, that what 
I have now advanced, concerning the cauſe 
of the continuance of the vital motions in 
time of ſleep, will give every one full ſat iſ 
faction, or be thought quite clear of all dif- 
ficulties; I have only offered, in a few 
words, what ſeems to me moſt probable, be- 
ing ready to change my opinion, as ſoon as 
farcher experiments or obſervations ſhall lead 


ov 


* The learned M. 4% Haller, who allows that opium weak- 
ens and at length deſtroys the periſtaltic motion of the ſtomach 
and inteſtines, and the moving power of all the other muſcles, 
truſting to two or three inaccurate experiments, which really 
prove nothing, has been led into fo great an inconſiſtency, as 

to affirm that opium does not leſſen the irritability of the heart, 
or render its motion flower or more languid, A miſtake, 
which hat been ſufficiently refuted in the appendix to the 2. edi» 
tion of my Phyſiological Effays pag. 284 — 296. 
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us to a better and more conſiſtent account 
of this matter. Sequimur probabilioru; nee 
ultra quam id quod veriſimile occarrit prog reili 
Poſſumus, et reſellere fine pertinacia, et eee 
ſme irarundia, parati ſumus . 


SE CT. XIII. 


Of-the difference between reſpiration and the mo- 
tion of the heart in ſleeping and waking, per- 


ſons. 


LTHOUGH the, vital motions continue 
without any interruption in time of 
{leep, yet as they ſuffer ſome change at that 
time, i. e. become then, ſomewhar fuller, 
ſlower, and more equable than when we are 
awake, it may be worth while to inquire 
into the reaſon of this phenomenon. _ | 
Ir has been ſhewn, that as the dilatation 
of the ventricles of the heart, is owing. to 
the force of the refluent venous blood; ſo 


their contraction is produced, by the ſame 
blood 


Cicgzox. diſput. Tuſculan. Hb. 2. 
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blood acting upon them as a ſtimulus &: and 
that the heart can only be affected by fi- 
muli, in ſo far as it is a ſentient organ, i. e. 
endued with feeling f. Whence it muſt 
follow, that the {ſlowneſs of the pulſe in 
ſleep, and indeed in every other caſe, can 
only ariſe from one or more of the following 
general cauſes. wiz. 1. A diminution of 
the ſtimulating quality of the blood. 2. Its 
flower return to the heart; or, 3. A leſs de- 
gree of ſenſibility or aptitude for motion in 
the heart itſelf. 

I. WHEN one has eat or drunk a great 
deal before ſleep, his pulſe will be, not ſlow, 
but quick and full; becauſe the ſtimulating 
power of .the blood is increaſed, by a large 
quantity of chyle received into it ; at the 
ſame time that the heart, by its ſympathy 
with the ſtomach, is often rendered more 
irritable. Much the ſame thing may hap- 
pen from ſleeping in too hot an air, or un- 
der too great a weight of cloaths: for we 
know, that heat quickens the circulation of 

OY. the 


See above, 6e. i. and iv. 
4 See above, ſect. x, allo pag. 300. Cc. 
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the flaids in all animals. On the other 
hand, when one has faſted long before ſleep, 
and lies very cool, his pulſe will, in time of 
it, be unuſually flow. 

Bur when the blood is neither es 
with new chyle, nor become acrid through 
the want of it; neither too much heated 
by cloaths or the external air, nor too cool, 
thro? want of proper covering; irs ſtimula- 
ting quality will neither be e, nor 
diminiſhed by ſleep; but will continue the 
ſame as in a perſon who is aſleep in the 
ſame circumſtances. It remains therefore, 
that the ſlowneſs of the heart's motion in 
tine of ſleep, be owing, either to the flower 
return of the venous blood to it, or to ſome 
diminution of its ſenſibility. 

II. IT is well known, that the affec- 
tions of the mind diſturb the motion of the 
heart; that the pulſe is quicker when we 
{it or ſtand than when we lye ; and that the 
action of the muſcles of voluntary motion, 
not only promotes the return of the blood 
to the heart, but determines it thither, with 
much greater force than uſual. In fleep 
therefore, where the horizontal poſture of 

B bb the 
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the body, the quieſcence of the voluntary 
muſcles, and compoſure of the mind, all 
concur to render the return of the venous 
blood to the heart, more equable and flow, 
the contraCtion of this organ muſt be renew- 
ed at greater intervals, and with more 
regularity, than when we are awake, and 
the circulation is quickened or diſturbed by 
ſome; or al}, of the above mentioned cauſes. 

Bu r, if no farther circumſtance, trending 
to retard the heart's motion, were found in 
ſleep, the pulſe ſhould be equally flow and 
full in a waking perſon lying at reſt in a 
horizontal poſture, and whofe mind is com- 
poſed, as in the ſame perſon in time of ſleep; 
which, however, does not ſeem to be entire- 
ly the caſe: for tho” the difference may be 
ſmall, and there may be many cauſes which 
may render it difficult, by obſervation, to 
determine that difference with any degree 
of certainty; yet the remarkable ſlowneſs 
and fulneſs of the pulſe in the deep ſleep, 
accompanying an appoplexy or occaſioned 
by opium, makes it highly probable, that e- 
ven in the much gentler ſleep of perſons in 
health, the pulſe is ſomewhat ſlower and 

5 ä fuller, 
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fuller, than it would be, merely from the 
compoſure of mind, horizontal poſition of 
the body, and quieſcence of the muſcles of 
voluntary motion. Let us therefore ſee, 
whether the ſlowneſs and fulneſs of the 
heart's motion in time of ſleep, may not be, 
in part, owing to ſome diminution of ' the 

ſenſibility of this organ. 
III. In time of fleep, as the exerciſe of 
the ſeveral ſenſes, is either ſuſpended or 
much impaired ; ſo the ſenſibility or feel- 
ing, with which the organs of the body are 
more or leſs endued, ſeems to be rendered 
leſs acute. Thus we feel ourſelves affected 
with a kind of fupor, when we are juſt fal- 
ling aſleep, and are then inſenſible of lefſer 
ſtimuli, The thin rheum, which, by irrita- 
ting the wind- pipe, keeps us almoſt perpetu- 
ally coughing when awake, gives us little or 
no diſturbance in ſleep: any unuſual /timu- 
lus in the inteſtines is alſo leſs perceived 
then; and hence it is, that a doſe of any 
purgative taken at night, is much longer be- 
fore it operates, than when it is ſwallowed 
in the morning. If the heart therefore, 
like the other organs of the body, be- 
comes 
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comes leſs ſenſible or irritable in time of 
fleep, it will not be ſo quickly excited into 
contraction as uſual, by the venous blood 
ruſhing into its cavities; and hence its con- 
tractions will not only be more {lowly repeat- 
ed, but the pulſe will be full} becaufe the 
ventricles do not contract, till they are much 
diſtended with blood. This will {till fur- 
ther appear, if we conſider how remarkably 
flow and fall the pulſe is, in an appoplexy, 
where the ſenſibility of all the parts and 
their aptitude for motion, are much more 
Impaired than in common fleep: and how 
opium, which occaſions ſleep, and leſſens the 
Tenſe of feeling every where thro? the body, 
when given in a large doſe, renders the pulſe 
uncommonly flow and full. | 

Dotxs not the ſlower digeſtion of che ali- 
ment in time of ſleep, proceed, partly, from 
the periſtaltic motion of the ſtomach and 
guts being then repeated after longer int er- 
vals? In dogs who haye got a large doſe of 
opium, this motion is very much leſſened or 
totally ſuſpended, the food laſt received in- 
to the ſtomach remains there indigeſted, 


the bowels are more than uſually empty, and 
07 * the 
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the lacteal veſſels inviſible &. In fleep, there- 
fore, not only the heart but the ftomach 
and inteſtines alſo, become leſs ſenſible of 
the ſtimuli uſually affecting them, and con- 
ſequently repeat theit contractions more 
flowly.- 

De Gorter, differing from Burrhaove and 
other authors, thinks, that the pulſe muſt 
be, not fuller,, but ſofter in time of ſleep, be- 
cauſe the circulation of the blood is allow- 
ed, then, to proceed more {lowly than when 
we are awake f. But, from what has been 
ſaid, it appears, that the fulneſs of the pulſe 


in ſleep, is not owing to the quicket circula- 
tion of the blood, but to a leſs degree of ſen- 


ſibility in the heart, whereby its ventricles 
are not excited into contraction, till they 
have been more fully dilated, than uſual, 
by the returning blood. It is, however, 


to be obſerved, that the fulneſs of the pulſe 
in ſleep, may be owing partly, to the fluids 


paſſing, with greater difficulty, rhro* the ve- 


ry ſmall lateral arteries, and the ſecretory 
g tubes 


+ De Gorter, Exercitat. de ſumno et vigilia, $ . 
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tubes of the glands . For we know that 
the fulneſs or ſoftneſs of the pulſe does not 
depend, ſolely, upon the quantity of blood 
thrown out by the left ventricle of the 
hearr, but alſo upon the more or leſs diffi- 
cult paſſage of this fluid thro? the extreme 
arteries ; ſince, in proportion as theſe are 
obſtructed or open, a greater or leis reſiſt- 
ance will be oppoſed to the blood n 
by the heart. 

AFTER what has been ſaid of the flow- 
neſs of the heart's motion in ſleep, it will be 
eaſy to ſhew why reſpiration ſhould be per- 
formed, then, at greater intervals. 

Tae cauſe exciting the alternate con- 
traction of the inſpiratory muſcles, is an un- 
eaſy ſenſation in the lungs, occaſioned by 
the blood puſhed into their veſſels by the 
right, ventricle of the heart f. If then leſs 
blood is ſent, in a given time, into the 
lungs, in ſleep, than when we are awake; 
the neceſſity of new ſupplies of freſh air will 
be leſſened, and conſequently inſpiration will 
be performed at greater intervals. 

1 FURTHER 
„ BOERHAAVE Inſtitut. med. 5 597. Wes. | 
+ See Sect. viii. above, 
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-FuRTHER, as in time of ſleep, the ſenſi- 
bility of the lungs, like that of the heart 
and guts, muſt be ſomewhat impaired, re- 
ſpiration muſt alſo, on this account, be per- 
formed more flowly; for the inſpiratory 
muſcles will not be excited.into action rill a 
greater degree of irritation, than uſual, be 
occaſioned by the blood accumulated in the 
pulmonary veſſels. And, to this it is ow- 
ing, that reſpiration is not only ſlower but 
ſomewhat deeper in time of fleep, than in 
a waking perſon at reſt in a horrizontal po- 
ſition. 

Id comatous and appoplectic caſes, where 
all the feelings of the body are much more 
impaired than in ordinary ſleep, reſpiration 
is not only much ſlower and deeper than u- 
ſual, but, ſometimes, after expiration is fi- 
niſhed, a pauſe of 15, 20, 30, or more ſe- 


conds will intervene, before a new inſpira- 


tion is begun. Much the ſame thing hap- 
pens to animals who have ſwallowed too 

great a quantity of opium &. 
Now, if it be reaſonable to aſcribe the 
ſlow, deep and interrupted breathing, in 
| ſuch 


See above pag» 216, 
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ſuch caſes, to the inſenfibility which attends 
thoſe diſeaſes of the head; and which opium 
never fails ro produce, when taken too libe- 
rally; are we not hence led to conclude, 
the lefs remarkable change of breathing 
which happens in ſleep, ro be owing, part- 
ly, to the ſenſe of feeling in the lungs, be- 
ing then' ſomewhat diminiſhed, tho” in a 
much : leſs degree than in thoſe morbid 
_ caſes? gon | 

To conclude with ſumming up what has 
been ſaid in a few words; in ordinary ſleep 
the ſenſibility of the heart and lungs ſuffer 
ſo ſmall a diminution, that their motions 
will be very little more affected by it, than 
they would be from the horizontal poſi- 
tion and reſt of the body, and compofure of 
mind attending it. In the deeper ſleep, 
which ſucceeds great fatigue, the motions 
of the heart and lungs will be more obſer- 
vably altered. And, in the moſt profound 
ſleep, occaſioned by opium or a morbid ſtate 
of the brain, where a general inſenſibility 
prevails over the whole body ; the pulſe will 
become much more remarkably flow and 


full, and reſpiration ſlower and deeper. 
SECT. 
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Of the motions obſerved in the muſeles of ani- 
mals after death, or their ORD from the 
body. 


INCE the hearts of many animals con- 

tinue their alternate ' contractions for 
ſome time after they are taken our of their 
bodies; and as this is a circumſtance which 
poſſibly may be miſtaken for an unanſwer- 
able objection to the account we have given 
of the vital motions, “ we ſhall here inquire, 
Ccc particularly, 


® Conſtat vero piſcium plurimos, nec non inſecta et alia 
quzdam animalcula motis ſui aut vitæ admodum eſſe tencia, 
a deo ut in partes quoque diſſecta ſe aliquamdiu adbuc moti- 
tent, imprimis, fi adhibito ſtimulo inſuper laceſſantur. Quo 
ipſo, luce meridiana clarius apparet motus iftos fine ſenſu edi: 
quis enim animam ſentientem dividi aut ſcctione multiplicari 
poſſe exiſtimet ? Peyeri Parerg. Anatom. vii. p. 200. 

% Sed manifeſto falſum «ſt motus omnes ab anima oriri, 
« et abſque ca materiem fore immobilem ſegnemque maſſam. 
« Nam vis contractilis ad ſtimulum quemcunque, ad quam 
© motus cordis, inteſtinorum, t foret omnis motus in ho- 
* mine pertinet, re requirit quidem anime præſentiam, 
« ſaperelt in cadavere, ſuſcitatur mechanicis cavſs, calore, 


* flatu ; neque deſerit fibram, quamdiu nondum refrigerata ri- 


* guit, 
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particularly, into the nature and cauſe of 
thoſe motions which are ſo frequently ſeen 
in the muſcles of animals after death, or 
their ſeparation from the body; and we 
flatter ourfelves much, or it will. hence ap- 
pear, that inſtead of being inconſiſtent with 
our theory, they ſerve rather to illuſtrate 
and confirm Ir. 
\ SEVERAL authors (ſome of them indeed 
of great character) have aſcribed the mo- 
tions of the heart after death, or its ſe- 
paration from the body, to ſome peculiar 
property, not found in the other muſcles, 
wherewith they ſuppoſe it to be endued “*: 
but with what reaſon, will appear from 
| | the 


& guit, etſi dudum animam abegerit deſtructio cerebri cordiſ- 
r que, etſi, ex ipſo corpore revulſus muſculus, ab omni ima- 
« ginabili animæ ſede ſeparatus fit.” Haller. Prim. lin. Phy- 
ſiolog. Ne 562. | 

* Galen imagined that motion was as natural to the heart, 
as reſt to the other muſcles : and in his Adminiſtratio anatom. 
lib. vii cap. 8. he concludes, from the heart's continuing to 
move after it is taken out of the thorax, that its motions do 
not depend upon the nerves or any influence proceeding from 
tem. See allo Van Suieten comment. in aphor. Boerhaave, 
vol. 1. p. 2. & 3. And J. C. H. comment, in Boerh, Iuſtit- 
med. vol. 5. p. 101. 104. 
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the following experiments and obſerva- 
tions. | 


I. AN cel, which I diſſected, moved the 
muſcles of its body with great force, for 
more than half an hour after the removal 
of its heart and the other viſcera; and, 
though I had not leiſure to obſerve them, 
I doubt not but theſe motions continued a 
much longer time; for Dr Harvey has 


informed us, that not only the heart, but 


alſo the fleſh of eels continues to move after 
being cut in pieces. 


2. I have often obſerved a frog turning 
from its back to its belly, and leaping about 
for an hour after the heart and other viſce- 
ra were cut out; and when its muſcles 
were at reſt, they have been brought into 
convulſive contractions, by pricking them 
with a pin or a penknife : nay, a frog's limbs 
ſeldom fail to move for ſome time after 
they are ſeparated from its body. 


3. A tremulous motion has been obſer- 


ved in the muſcles upon the ſternum for 2 
quarter 


a 
yg? 
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quarter of an hour after it was cut out of 
the body; and, when it had ceaſed, it was 
renewed by pricking the fibres of theſe muſ- 
cles with the point of a knife“. The 
like tremulous motions have continued for 
an hour in the muſcle of an ox ſeparated 
from its body immediately after it had been 
killed, and, upon their ceaſing, have been 
recalled, by pricking its fibres with a 'ſharp 
inſtrument . 


4. IN a young pigeon, which I killed 
by ſeparating its head from the vertebræ of 
the neck, the divided muſcles of the left 
ſide of the z7horax (upon which ſome of the 
blood thrown out of the heart had been 
ſpilt) were agitated with alternate contrac- 
tions for about ten minutes. Theſe con- 
trations were very quickly repeated at firſt, 
but, like thoſe of the heart, became much 
flower before they ſtopt altogether. 

WERE not the alternate contractions of 
theſe muſcles more remarkable, and of long- 
er continuance, on account of the flimulus 

0 a of 
 ® Swencke Hæmatolog. p. 28. 

I Ibid. | 
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of the blood which was ſpilt on them? This 
ſeems not at all improbable, ſince, as has 
been obſerved above “, the motions of the 
dena cava continue longer than thoſe of 
the heart, becauſe it is fonger ſupplied with 
blood. Beſides, the alternate contractions 
which happened to the muſcles of the fho- 
rax in other pigeons which I opened, and 
where no blood was ſpilt, were much 
leſs remarkable, and laſted but a very ſhort 
time. 


p. Swamimerdam tells us, that, in diſſecting 

animals alive, he obſerved contractions, not 
only in every muſcle ſeparated from the 
body, bat alſo in every muſcular fibre f. 
And the ſame kind of motion has been 
remarked in the muſcular fibres of men, 
which had been cut away in the extirpation 
of tumors. 


6. Tux vermicular motion of the inteſ- 
tines remains for a conſiderable time after 
they are taken out of the body. 


« HENCE 
* Set, vi. No z. 
＋ Tractat de reſvirat, cap. 7. p. 67. 
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4 HENCE it appears, that all the muſcles 
of living animals, whether they be of the 
voluntary or involuntary kind, are agitated 
with alternate contractions, after being 
ſeparated from their bodies; and, conſe- 
quently, that the vibrations performed by 
the hearts of animals, after they are cut 
out of the zhorax, beſpeak not any latent 
power peculiar to the fibres of that organ, or 
which they do not ſhare in common with 
thoſe of every other muſcle. 

Ir the voluntary muſcles, which in a 
healthful ſtate remain at reſt when the will 
interpoſes not to the contrary, are alternate- 
ls contracted and relaxed, as well as the 
heart, when they are ſeparated from the 
body ; it cannot be concluded, that, be- 
cauſe the heart beats after ſuch ſeparation, 
it muſt therefore move alſo while in the bo- 
dy : on the contrary, it follows, that the 
alternate motions of the heart in living ant- 
mals;muſt be owing to its being acted upon 
by ſome particular cauſe, which does not aſ- 
feck the voluntary muſcles, 


THE 


my 
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7. Tux heart of an eel, which I cur out 
of its body, and divided into two parts, con- 
tinued its vibrations above twenty minutes. 


8. Wu xd the heart of an eel — in 
an exhauſted receiver, after beating about 
an hour, had become very languid, and al- 
moſt ceaſed from motion, Mr Boyle renewed 
its pulſations, by breathing on that part of 
the glaſs where it lay * 


9. I have obſerved the hearts of frogs 
beat 12, 15, 18, or 30 minutes and more, 
after being ſeparated from their bodies; and 
when their motions began to languiſh, or 
were juſt about to ceaſe, they were increa- 

ed or renewed, by heat, or rn, 3 them 
with a | gon 


10. THE hearts of frogs, which; when 
firſt ſeparated from their bodies, beat about 
ſixty times in a minute, performed from be- 
twixt go and 100 pulſations in the ſame time, 
when expoſed a little to the heat of the fire; 
bur, after being removed from it, their vi- 
brations became gradually ſlower and ſlower, 

ill 
* Philoſophic. Tranſact. abridg'd, vol. ii. p. 222. 


2 — — — — 2 — — 
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till they were no quicker than at firſt. While 
warmth thus increaſes and renews. the mo- 
tion of the heart, even in thoſe animals 
whoſe blood is cold, too great heat deſtroys 
it both in hot and cold animals, by produ- 
cing ſuch a change in the nerves, muſcular 
fibres, and their fluids, as renders them unfit 
for motion. Hence the heart of a pigeon or 
frog immediately loſes its motion when im- 
merſed in boiling water. 


11. THE hearts of vipers continue their 
alternate motions for ſeveral hours after 
they are ſevered from their bodies “. 


12. A viper's heart, which beat only 25 
times in a minute, when Dr Langriſb firſt 
took it from its body, was, by the warmth 
of his hand, ſoon made to perform 48 vi- 
brations in that time; and, being after- 
wards put in water a degree or two warmer 
than human blood, it repeated its pulſations 
87 times in a minute f. * 

13. Upon 


* Boyle's Uſefulneſs of Experimental Philoſophy, part 2. 
p- 16. 
+ Cronean Lectures on muſcular motion, No 150. 
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13. Upo ſtretching a cock's neck ſo as 
to ſeparate the head from the vertebræ of 
the neck, ſeveral violent convulſions enſued, 
and in leſs than five minutes he ſeemed to 
be quite dead. At this time laying the h- 
rax open, I obſerved the heart performing 
its alternate motions, but much more faint- 
ly than that of a frog or cel when ſepara- 
ted from the body. Three minutes after, 
when the heart's motion was become yet 
weaker, I cut it out of the body, and found 
its veſſels and cavities had been filled with 
blood ; which was no ſooner evacuated, 
than the tremulous motions of this organ 
ceaſed ; nor could they be recalled by brea- 
thing upon it, or pricking it in ſeveral places 
with a pin; but, by touching it two or three 
times with a red hot iron, a vibrating con- 
traction was obſerved, which ſcarcely laſted 


for a ſecond, 


14. THE heart of a chick taken out of 
the ſhell, beat an hour after its head and 
breaſt-bone were clipp'd away with a pair 
of ſciſſars, and the auricle retained its mo- 
tion ſome time after the heart. The mo- 


D d d tion 
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tion of the other parts ſeemed only to ſur- 
vive the loſs of the head for a few moments. 
The heart's motion, when about to ceaſe, 
wasfrequently renewed by pricking it with 
a pin. In another chick, the heart was kept 
beating, by the influence of warmth, above 
two hours after its head was cut off *. 


15. I laid open the zhorax of a young pi- 
geon, four minutes after ſeparating its head 
from the vertebræ of the neck, and found 
the heart, with its right auricle, which was 
greatly diſtended with blood, without any 
motion. I let a few drops of warm ſaliva 
fall from my mouth on the heart ; upon 
which its right auricle began to move, and 
continued repeating its alternate contrac- 
tions with remarkable vigour and quickneſs 
for three minutes, when they became gra- 
dually both weaker and flower. At eleven 
minutes from the beginning of the experi- 
ment, the motions of the auricle were {till 
ſlower, but were quickened ſomewhat by 
' pricking it with a pin. After eighteen mi- 
nutes, the contractions of the auricle were 

much 


* Boyl:'s Uſefulneſs of Experimental Philoſophy, part 2. 
p- 15. & 16, 
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much more feeble, and not repeated till af- 
ter 7, 8 or 9 beats of my pulſe ; whereas, 
at firſt, they ſucceeded each other much 
more quickly than the vibrations of my 
heart. Before the twentieth minute was ex- 
pired, the motions of the auricle ceaſed en- 
tirely ; but were ſo far renewed afterwards, 
by filling the zhorax with water of the ſame 
warmth with the human blood, as to laſt 
about two minutes. During all this time, 
no motion was obſerved in the body of the 
heart; nor were its fibres excited into con- 
traction by pricking them with a pin, ſeven 
minutes after the thorax was opened. 


16. I opened the thorax of another pigeon, 
three minutes after I had pulled off its head, 
and made a ligature about its neck: the 
right auricle, with part of the vena cava in- 
ferior adjoining to it, ſtill continued to beat, 
but the body of the heart was at reſt: ſome 
time after, when the motions of this auri- 
cle were about to ceaſe, they were renewed 
with their former vigour by drawing aſun- 
der the ſides of the divided thorax, and con- 
ſequently ſtreiching the great veſſels lead- 


ing 
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ing to the heart. When the motions of 
the auricle were become very languid and 
flow, the vena cava inferior made ſeveral 
contractions. before the auricle contracted 
once; and it continued to palpitate for 
ſome time after the auricle had ceaſed from 
motion altogether. 


17. IMMEDIATELY after ſeparating from 
the vertebræ of the neck the head of a pi- 
geon ſomewhat younge: than either of the 
two former, I laid open the zhorax, and 
found the heart beating pretty ſtrongly, 
and at every ole throwing out the blood 
with a conſiderable force by a wound which 
I had accidentally made in it. When after 
a few contractions, its motion had become 


much more feeble and irregular, it was 


made to recover its. vigour and propel the 
blood through the wound as before, by 


drawing the divided thorax a little aſunder, 


Sometime after this, when the heart was be- 
come much more languid, its contractions 
were renewed with double force as often as 
J raiſed the poipt of it with my finger, 
About ſix or ſeven minutes after opening 

the 


d 
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the thorax, the motions of the heart could 
be perceived only in its right auricle and 
apex, but were by far moſt remarkable in 
the former. In three minutes more, when 
no motion could be ſeen in the body of the 
heart, this auricle ſtill continued to vibrate, 
and its motions were very ſeuſibly quickened 
by raiſing the point of the heart, and of 
conſequence ſtretching the great veſſels ad- 
joining to its baſe, At this time a few 


weak palpitations were excited in the heart 
by dividing it with a ſharp knife. 


18. Sour young Gentleman having 
hanged a cat till ſhe was quite dead, open- 
ed the thorax, and obſerved only a. tremu- 

lous motion in the heart which ſoon ceaſed, 
but was renewed by pricking it with a ſharp 
inſtrument ; after this, by ſqueezing the 
cardiac nerves downwards, or otherwiſe ir- 
ritating them, the heart was made to per- 
form two or three pulſations; which it con- 
tinued to do for a conſiderable time, when- 
ever the cardiac nerves were thus ſtimulated. 


19. Ta E heart of a cat, which had been 
dead for four hours, was excited into al- 


ternate 


* 
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ternate contra ctions, by blowing warm air 
into its cavities through a tube fixed in the 
receptaculum chyli *. 


20. THE motion of the heart was rene w- 
ed, in the ſame manner, by Brunnerus, in a 
dog which had been a good while dead f. 


21. EVEN in man, the heart retains a 
power of motion for ſome lictle time after 
its ſeparation from the body; as appears 
particularly from the well known ſtory of 
Lord Verulam concerning a malefactor, 
whoſe heart, having been cut out of his bo- 
dy, and thrown immediately into fire, leapt 
ſeveral times upwards to a conſiderable 
height 4. 


22. IT is obſervable, that, after the con- 
vulſions which animals ſaffer at the time of 
death have ceaſed, their muſcles remain at 
reſt, unleſs they are ſtretched, cut, expoſed 
to the air, or otherwiſe ſtimulated. 


From 


® Weffer. hiſtor. cicut. aquat. p. 39. 
- + Experiment- circa Pancreas, p. 21. 


t Hiſtory of life and death, ſect. ix, Ne 31, 


4 
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Fxom the above experiments it appears, 


4 THAT the ſeparated hearts of ſome ani- 
mals, vibrate more ſtrongly, and for a much 
longer time, than thoſe of others, No 9. 
. | 

s THAT animals of the amphibious kind, 
which have either no lungs or very imper- 
fect ones, which bear the air-pump long, and 
whoſe blood is cold, as well. as languid in 
its motion, ſhew ſigns of life, not only in 
their hearts, but alſo in their other mem- 
bers, for a much longer time after they are 
ſeparated from their bodies, than animals 
which have more perfect lungs, hotter blood, 
and a quicker pulſe. N 1. 2. 4. 14. 
Tos k animals whoſe parts preſerve mo- 
tion and appearances of life longeſt after be- 
ing ſeparated from their bodies, ſeem to 
have both their fluids and ſolids a good deal 
different from thoſe of other animals : their 
blood is not only colder, but perhaps more 
viſcid and leſs diſſipable; and their fibres 
are ſo conſtituted, that conſtant ſupplies of 
this fluid from the heart, are not neceſſary 


to keep them in due order for motion; 
while 
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while their nerves, after their communica- 


tion with the brain has been cut off, pre- 


ſerve their powers much longer than in 
man and the more perfect animals: thus 
frogs, eels, vipers and tortoiſes live and 
move ſeveral hours after their heart is cut 
out ; and the various parts of their bodies 
continue to move for a preat while after 
all communication between them and the 
brain is cut off. | 

y THaT, c#teris paribus, the heart pre- 
ſerves its motions longer in young animals, 
after its communication with the brain is 
intercepted, than in older ones. No 13. 


15. 16. compared 14. 17. 


d THAT, ceteris paribus, the hearts of 


' thoſe animals which continue to beat long- 


eſt, after being ſeparated from their bodies, 
perform their vibrations at the greateſt in- 
tervals. Nꝰ 9g. 10. compared with 11. 12. 
The reaſon of this is eaſily underſtood; 
ſince, as has been juſt now obſerved, in 


thoſe animals, whoſe hearts beat longeſt 


after ſeparation from their bodies, the blood 
is coldeſt and its circulation moſt languid. 
THAT 
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| TrarT the motions: of the heart, after 
death or ſeparation from the body, are ge- 
nerally more conſpicuous, and laſt longer; 
than thoſe of the other muſcles. No 14. 

d InaT the right auricle continues to 
move, after the heart appears quite. dead, 
Na. E.-H. 41 2 3 

+ THAT the bens cava and ſinus, Pray 
dexter preſerve their motions ſtill Jonger 
than the right auricle. No 16. 

9 THAT the motions of the heart and 

ocher muſcles, when ſeparated from the bo- 
dy, are not only at all times increaſed, but 
even renewed, when they are juſt at an end. 
by heat, wounds ſtretching their ſihres, or 
any thing elſe that can gently irritate them. 
No 2. 3. 4. B. 9, 10. 12.77. 
- + THAT; after the heart has emirely, and 
for a conſiderable time, ceaſed to move in 
dead animals, it miay be excited into action 
by ſtretching or ſimulating its fibres or 
nerves, N. 18. 19. 20. YL ol 

» THAT as in living animals the yolunta- 
ry muſcles are not convulſed, except. when 
ſome ſtimulus is applied to them; ſo in ani- 
mals newly dead, no convulſive contractions 
Eee happen, 
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happen, provided the ſkin be not ſo cut as 
to lay them bare, and expoſe their fibres to 
ſome kind of irritation. No 22. 

Wc E it follows, that the vibrating 
contractions of the muſcles of animals after 
death, or their ſeparation from the body, 
cannot be owing to any innate power, 
whereby, independent of all external cauſes, 
they move themſelves alternately, but muſt 
be aſcribed to the action of a ſtimulus of one 


kind or other upon their fibres. 
WIEN the heart is taken out of the * 


dy in animals newly dead, the cutting alone 
muſt be a very remarkable ſtimulus, and 
therefore, muſt not only excite or increaſe 
its motions, but alſo make them continue 
for a conſiderable time. When the borax 
and pericardium are only laid open, the vi- 
brations of the heart will be increaſed and 
continued by diſſecting and ſtretching theſe 
parts with which it is nearly connected, 
(No 16. 17.) and even by the external air 
acting as a ſtimulus upon its ſenſible nerves ; 
for the particles of this fluid are never at 
reſt, but agitated with inceſſant vibrations. 


This vndulatory- motion of the air is ſo re- 
944-8 mimarkable, 
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markable, as to be obſerved ' by the aſſiſt- 
ance of good teleſcopes, and is clearly e- 
nough ſeen in the conſtant whirl of duſty 
atoms, and other light ſubſtances, percei- 
ved in the ſtilleſt room, where: ever the ſun 
beams play. 

TuE motions of the heart, therefore, in 
animals newly dead, or after it is ſeparated 
from the body, are owing to the ftimulus of 
the blood remaining in its cavities, to the 
contact of the external air, or to the irrita- 

tion which is communicaced to it, by ſtretch- 
Ing or cutting its own fibres, or thoſe of ſuch. 
parts as happen to be MAP 196) connec- 
ted with it. 

In a ſyncope, and in animals newly dead, 
the inteſtines continue their periſtaltic mo- 
tion after the heart has ceaſed to vibrate, 
which cannot be aſcribed to their being 
more fitted for motion, ſince the heart, 
when ſeparated from the body or otherwiſe 
irritated, moves more remarkably than they; 
but is owing to their being acted upon by 
their uſual ſtimuli, even after the heart is de- 
prived of that regular and alternate ſupply 
of venous blood which was wont to keep 
* 
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up its motion: as therefore the bile, air, 
and aliment, remain in the inteſtines equal- 
ly aſter death as before it, they will conti- 
nue to excite the fibres of the various por- 
tions of this canal into alternate contrac- 
tions, till at length they become quite inſen- 
ſible and rigid with cold. n 

Mx Boyle tells us that the heart of an eel 
being placed iu a imall receiver, became ve- 
ry turgid when he exhauſted the air, and 
beat as manifeſtly, and more ſwiftly than 
it had done before *; the reaſon of which 
Phenomenon is abundantly evident from what 
has been ſaid; ſince the ſtretching of the 
fibres of the heart thus ſwelled, muſt have 
had the fame effect in quickening its vibra- 
tions, as any other flimulus. 

Dun Harvey obſerved, that in time of in- 
cubation, the chick's heart, whoſe motion 
languiſhed, and at length ceaſed in the cold 
air, quickly recovered: its vigour by heat, 
and contracted with greater force and fre- 
quency as often as it was touched with the 
point of a needle or any thing elſe that 

could 


„ bes. Tranfs@ abridged, vol. 2. p. 222. 
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could irritate it?; from which it follows 


that the ſame cauſes excite the motion of 
the heart in living animals and in thoſe 
newly dead, in the body and out of it. 
Tu x concluſion to be drawn from what 
has been ſaid is, that there remains in the 
muſcles of animals and their nerves, for 
ſome time after death or their ſeparation 
from the body, the immediate cauſe of mo- 


* 
4 


tion, which may be excited into action, 


as in living animals, by any flimulus or 
irritation. How or by what means this 
happens, ſhall be the ſubject of our next in- 
quiry- | 
Sou have aſcribed the motion of the 
heart out of the body, and conſequently of 
other muſcles ſeparated from it, to the ſpi- 
rits remaining in their nerves, which, by 
the capillary attraction of theſe tubes, or 
the cold contracting them, continue for 
ſome time to be derived into the muſcular 
fibres. But from ſuch an equable deriva- 
tion of the ſpirits, it will be difficult to ac- 
count for the regular alternate contractions 
and relaxations of theſe muſcles, or for their 
being 


De generat. animal, exęreitat. xyii. 
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being excited and renewed by PR of very 
different kinds. 

' \OTHERs have been inclined to deduce 
the vibrations of the heart, when out of 
the body, from the elaſtic power of its 
fibres *, or of the ſpirirs lodged in them ; 
which are excited into oſcillations by any 
impulſe or irritation, and which, obſerving 
the ſame laws with other elaſtic bodies, 
muſt perſiſt in theſe tremulous motions for 
a conſiderable time. 

But if the motions of the heart, or other 
ſeparated muſcles of animals, were owing to 
any ſuch cauſe, how could their vibrations 
be excited by bringing a red hot iron near 
them, after the impulſe and tearing of a pin 
or the point of a knife had ceaſed to have 
any effect? (No 13.) Will warm water 
heighten and increaſe the elaſtic powers of 
any body? Does it not rather weaken and 
relax animal fibres? And how can acrid 
liquors, which communicate no impulſe 

1 as at 


* Hoffman: ſyſtem. med. tom. 1- 1. 1. bet. I cap. 3 


No xviii. 
- + Lanciſi de corde, prop. 58. Lieutaud element. Phyſiolog, 


p. 71, 72. Senac traits du coeur, vol. i. p. 434+ & 452. 
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at all, excite vibrations in an elaſtic ma- 
chine ? +:-% 
FURTHER, as the times of the vibra: 
tions of a pendulum in a cycloid would be 
exactly equal, however unequal the arches 
which the body deſcribes may, be were it 
not for the ſmall inequality that the reſiſt- 
ance of their air neceſſarily occaſions; ſo 
the vibrations of a pendulum in a ſmall arch 
of a circle, which coincides with the cycloid, 
and the oſcillations of elaſtic bodies, would 
follow one another at equal- intervals of 
time, were it not for the air, which, as it 
reſiſts a great vibration of a pendulum! or e- 
hſtic body more than a ſmall one, muſt 
conſequently retard it more; whence, ſtrict- 
ly ſpeaking, the firſt and greater vibrations 
of ſuch bodies mult follow each other more 
flowly than the laſt , and ſmaller ones. 
Bur as this difference is too inconſiderable, 
eſpecially in ſmall vibrations, to be percei- 
ved by us; ſo, in a phyſical ſenſe, we may 
be allowed to ſay, that the vibrations ex- 
cited in elaſtic bodies by any external 
cauſe, though they be always decreaſing 
in greatneſs and force, are yet performed 

| from 
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from firſt to laſt at equal intervals of time. 
Let us now ſee how far the ſeparated hearts 
of animals obſerve the ſame, law, in their 
motions. 

23. ThE hearts of frogs, when their - 
rax is firſt laid open, generally beat about 
ſixty times in a minute; but after they ara 
ſeparated from the body, and have been in 
motion for ſome time, their vibrations begin 
to grow ſenſibly flower, ſo as only to be re- 
newed after an interval of 2 or 3 ſeconds ; 
and, a little before their-motion ceaſes alto- 
gether, I have counted 7, Io, 14, 15, 16, 
or more beats of my pulſe * between their 
pulſations, each ſucceeding pulſation follow- 
ing the former not till after a longer pauſe, 
which at laſt ended in a final ſtop, In the 
ſeparated heart of a frog (into whoſe ſto» 
mach I had forced, about an hour and 4 
half before opening it, a ſmall quantity of 
opium diſſolved in water) I obſerved the in- 
tervals between the fix laſt pulſations to in - 
creaſe nearly in the following proportion, 
it, 13, 16, 19, 23, 30; which numbers 

Wks denote 


* The motion of my pulſe was at the rate of 75 in a n- 


nute. 
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denote how. many beats of my pulſe interve- 
ned betwixt each of theſe vibrations. From 
which it appears, that, before the laſt pulſa- 
© tion of this irog'y, heart, ies was a pauſe 
of 24 ſeconds. , | 

Wu r is here ſaid of, the. motions of the. 
ſeparated . hearts of frogs becoming remark- 
, ably lower, as they grow weaker, is alſo true 
of the hearts of eels; and holds not only in 
the pulſations of che right auricle of a pi- 
geon's heart, which remained in the body 
after death, (Ne 15.), but in the contrac- 
tions alſo of the muſcles. of its er after 
diſſection, N 4. | 
SINE, then, the motions. of the, "EM 
of animals after death, or after they are ſe- 
parated from their bodies, decreaſe gradu- 
ally in quickneſs, as well as in ſtrength, and 
become, at laſt, ſo ſlow, that, before they 
ceaſe altogether, the heart repoſes itſelf, 
as it were, for a conſiderable time, - and, 
after appearing to have been quite dead, 
performs yet another contraction ſlow- 
ly, and with much ſceming difficulty; 
it evidently follows, that they are re- 
gulated according to laws wholly differ- 
* ent 
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ent from thoſe of elaſtic bodies; and that 
every attempt to account for theſe motiorts, 
from elaſtic powers 'of whatever kind, tup- 
poſed to reſide in the heart, muſt be vain 
and fruitleſs; and can only ſerve to-ſhew, 
that the authors or ſupporters of ſuch opi- 
nion were either ignotant of the nature of 
elaſtic vibrations, or unacquainted with the 
1 recited above, (No 23.) 
We may alſo ſee, from what has been 
ſaid, with how little reaſon the motion of 
the heart, after its ſeparation from tlie body, 
Has been aſcribed to the alternate action of 
its diſtending fluids and contracting ſolids ; 
and compared to the follis laſorius, which be- 
ing let fall from a height, does not lie ſtill 
upon the ground, but is immediately thrown 
off from it, and continues to riſe and fall 
alternately for ſome tine. 
Ix appears, from the experiments already 
recited, compared with No g. 9. 10. and 
| 11. of Sect. I. and with what has been ad- 
vanced Sect. X. p. 269. —27y1. and 284. — 
287. thar the motions: of the heart and 0- 
ther muſcles after death, and when ſepara- 
* Santorini de ſtructura et motu fibræ, ſet. 73. 11 | 
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ted from the body, are owing to a ſlimulus ; 


that where no ſtimu/us is applied, they either 


happen not at all, or ſoon ceaſe; that, when 
failing, they are excited a-new by any 
irritation; and that, in the laws they ob- 
ſerve, and the phenomena they exhibit, they 
agree exactly with the motions which fi- 
muli excite in the muſcles of living ani- 
mals. But we have fully ſnewn, in Sect. X. 
that the contractions of the muſcles. of li- 
ving animals, ariſing from any ching that 


tears, ſtretches, or otherwiſe irritates their 


fibres, are not owing merely to the peculiar 
ſtructure and arrangement of | their parts as 
mechanical organs, ot even to the ſole effi- 


cacy of any material powers; but to their 


being endued with feeling, and animated by 


a ſentient principle. Whence it follows, 


that the motions of the heart and other 
muſcles, after death, or their ſeparation 
from the body, muſt proceed from their 
ſenſibility; As long as this ſentient power 


remains, or js but little impaired, they are 


impatient; of any irritation, and are, there- 
fore, alternately contracted and relaxed; 
but when it becomes conſiderably weaker, 

5 ſtronger 
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ſtronger ſimi, are required to rouſe them 
into action, and even then how motion is 
more languid. 10 
Dx Harvey, ad: mind wal neither 
blinded: by: prejudice; nor prepoſſefſed 'with 
any favonrite thebry, but who formed his 
judgment of things, nor! as' imagination 
might ſuggeſt, but from repeated experi- 
ments and obſervation, aſcribes, without 
the ſeaſt doubt, the various and irregular 
motions of the chick's heart, wien ifritated/ 
by different ſtimuli, to its being endued with 
ſenſe *; and therefore compares it to an 
animal which lives moves, and feels. | 
Tux motions of the heart from ſlimy 
li greatly reſemble the alternate contrac- 
tions of the panmiculus carnoſus of brutes, 
when their ſkin' is tickled or ſtung by in- 
ſects: and as this muſcle cannot properly be 
conſidered as a mere mechanical organ, but 
as ſomething animated, which endeavours 
to throw off whatever affects the ſurface of 
the body with any diſagreeable ſenſation ; 
ſo the motions of the ſeparated hearts of 
animals, are not to o be aſeribed to: any pro- 
10 perty 
* De generat. animal. exeercitat. 17, 
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perty they / can be poſſeſſed of as mere ma- 
tertal organs, but to heir being ſtill endu- 
ed with ſome kind of life and ſenſe, which 
makes them ſhe v an impatience of whatever 
hurts them, and endravbur, byctheit alter 
nate Ps to throw it off. 


24 e in 1 1 
I. injected a ſolution of: om in water into 
the ſtomach and guts of a/frog,, both by: 
the month and anvs,; In leſs than a quar- 
ter of an hour, it had loſt! a good deal of 
its vivacity and power of motion, and, when: 
touched or pricked, it: dragged ĩts limbs as 
though their muſcles had been in ſome de- 
gree paralytic. In little more than half an 
hour, it ſeemed to have loſt all power: of: 
motion. At two in the afternoon, when I 
opened it, I found the auricle of the heart, 
with the large veſſels attached to it, great» 
ly diſtended: with blood; but there was not 
the leaſt motion either in the heart or its 
auricle: nay, ſo very inſenſible were theſe 
parts become of any ſtimulus. or irritation, 
that neither tepid water, nor pricking or 
tearing their fibres, had any influence in ex- 

citing 
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citing them into motion. Hot water, in- 
deed, being poured into the thorax and abdo- 
men, made the heart and inteſtines ſudden- 
ly ſhrink and contract, in the ſame manner 
as the fleſh of any dead animal does when 
immerſed in bolling water; but produced 
no alternate contractions like thoſe which 
follow the action of ſtimuli upon the muſ- 
cles of living animals, or of ſuch as are 
newly dead. Afterwards, I cut off this 
frog's head, and with the point of a probe 
preſſed and broke down the ſpinal marrow 
into a pulp; but did not obſerve the leaſt 
motion or convulſion in any part of the 
bollcnot., ai nopd bad, eli ftr dawuocs 
25. Ar half an hour paſt one in the af- 
ternoon, I injected a ſolution of opium, as 
above, into another frog, and opened it an 
hour after. The auricle and great veſſels 
leading to the heart were more than uſual- 
ly filled with blood, but not ſo much as in 
the laſt experiment. The heart ſtill con- 
tinued its motions, but much more ſlowWIy 
than in a ſound ſtate: its pulſations follow - 
ed each other after an interval of about 3+: 
ſeconds; the diſtended auricle always con- 
+ grated 
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tracted firſt, and, after it, the ventricle. 
No convulſions happened in any part of the 
body from irritating the ſpinal marrow, nor 
were any of the muſcles of the limbs or trunk 
brought into contraction by pricing. or 
t. their fibres. 


"yy I forced down into the ſtomach of 
another frog a ſmaller quantity of a ſolu- 
tion of opium; and, upon opening its thorax 
an hour and three quarters after, I found its 
heart beating regularly, but as ſlowly as in 
the laſt experiment: when I cut it out of 
the body, and laid it on a plate, it renew- 
ed its pulſations faſter, viz. once in two ſe- 
conds ; but, after five or ſix minutes, they 
became as ſlow as at firſt. 
4 SINcx, from theſe experiments, it ap- 
pears, that opium, internally applied, ſoon 
renders the motion of the heart in frogs 
three or four times ſlower than it naturally 
is, and, at length, puts an end to it entirely, 
ſo that the cauſes which uſe to renew it, 
prove quite ineffectual for that purpoſe; 
and ſince opium received into the ſtomachs 
of animals, is well known to deſtroy the 
ſenſe 
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ſenſe of feeling, either in the whole, or in 
part, as its deſe is greater or leſs; is it not 
highly probable, that opium tops or retards 
the motions of the heart, only as it renders 
it wholly, or in a great degree, inſenſible of 
the ſtimulus of the returning venous blood; 
and that the contractions of the heart, 
both in the body and after it is ſeparated 
from it, are owing to the ſentient power 
of its nerves and fibres, by which it is made 
capable of being properly affected by va- 
rious ſtimuli ? 

As the heart continued to beat iter 
the muſcles of the trunk and limbs were no 
longer affected by any irritation ; it follows, 
either that its nerves and fibres are eridued 

with a higher degree of ſenſibility than 
"thoſe of the other muſcles, or, at leaſt, that 


their ſenſibility is not ſo foon” deſtroyed 
by the laudanum. 


y DR Kaau has obſerved, that the con- 
vulſive motions which were excited by irri- 
- tating or breaking down the brain of a dog 
to whom he had given fix grains of opium, 
were an hundred times leſs remarkable than 
thoſe he had been in uſe to obſerve in other 


dogs 
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dogs who had got nothing to lull their ſen- 
ſes ; and experiment 25: above, ſhews, 
that no convulſive contractions are produ- 
ced, either by irritating the muſcles them- 
ſelves, or the ſpinal marrow of a frog, an 
hour after a ſolution of opium is injected 
into its ſtomach and inteſtines : from 
which this inference is obvious, viz. that 
convulſions excited in dying animals, or 
ſuch as are newly dead, by diſſecting the 
ſpinal marrow, preſſing it with a probe, or 
breaking down the brain, are ſolely owing 
to the ſenſibility of theſe parts to any irri- 
ration, and not to the ſpirits being mecha- 
nically propelled through the nerves into 
the muſcles, either by the cut veſſels of the 
medulla or brain retracting themſelves 7; 


or by the preſſing power of the probe or 


diſſecting inſtrument applied ro them. 


Ir has, for many years, been the prevail- 
ing opinion, that opiuy: produces its firſt - 
and moſt; remarkable! effects on the body, 


not by mixing with the blood, but merely 
Gg 1 naby 


* Impet. faciens. No 435. no 
+ Kaan impet. faciens, No 233. 
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by its immediate action on the nervous pa- 


pillæ of the ſtomach, whence the brain 
and whole nervous ſyſtem are affected in a 


very ſurpriſing manner. In ſupport of this 


opinion, many arguments have been ad- 
vanced, ſome of greater, others of leſſer 


weight: but the following experiments 


compared together, _ the truth of it be- 
yond doubt. 

1:27» A frog continued moving its limbs, 
turning from its back to its belly, and leap- 
ing about for above an hour after I had cut 


out its heart; and was not quite dead after 


two hours and a half. 10 


115 


26. F IVE ; minutes-after taking out the 


heart of another frog. I injected a ſolution 


* 


of opium into its ſtomach and guts. In leſs 


than half an hour it ſeemed to be quite 


dead, and neither pricking, tearing, nor 


cutting its muſcles cauſed any contraction 
in them, or any motion in the parts to 
which they belonged. A probe puſhed 
' Into the ſpinal marrow, after cutting off 

its head, made its fore legs contract feebly. 
SINCE 
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SINCE, in this frog which was deprived 
of its heart, the parts of the opium could 
not poſſibly be mixed with the maſs of 
blood, or be conveyed along with it to the 
brain, their effects muſt neceſſarily be dedu- 
ced from their direct action upon the nerves 
and fibres of the organ to which they were 
immediately applied“. But to return from 
this digreſſion. 


SINCE the ſenſibility of our fibres is ow- 
ing to their being animated by a living 
principle different from matter, and of pow- 
ers ſuperior to it (Sect. x.), it may be ob- 
jected, that if we aſcribe the motions of the 
muſcles after death, or their ſeparation from 
the body, to their being endued with ſenſe, 
we muſt not only ſuppoſe the ſoul to con- 
tinue preſent with the body after death, but 
alſo to be extended and diviſible. 

Bur, though theſe objections, as they are 
founded in our ignorance of the nature of 
the ſoul, and its union with the body, and 
of the manner of their mutual action upon 
each other, ought to have little or no re- 


gard 


* For a further account of the action of opium ſee Edinburgh 
Phyſical Eſſays, vol. ii. art. 20, and Phyſiolog. Eſſays, Edit. 2. p. 
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gard paid them in a Phyſical inquiry yet, 
to clear our ſubject; as much as poſſible, 
of all difficulties, we ſhall n them 
particularly. | | 
4 I think it is not only vitbbable, but e- 
ven demonſtrable, that the ſoul does nor 
immediately leave the body upon a total 
ſtoppage of the heart's motion, and, conſe- 
quently, of the circulation of the blood, 
i. e. upon what we uſually call PERAT RH *, 
but contiuues for ſome time at leaſt brlent 
with it, and ready to actuate it. Thus, a 
variety of inſects, bats, hedge-hogs, and ſe- 
veral other animals, which continue in a 
death-like ſtate in the cold winter-ſeaſon, 
are reſtored to life by the kindly warmth 
of the returning ſpring, which, as it ſtimu- 
lates the ſolids into contraction, as well as 
rarifies and agitates the fluids, gives the la- 
tent ſoul an opportunity of ſhewing itſelf by 
its effects: yet, in theſe animals, during the 
cold weather, there is no circulation of the 
blood; they are quite deſtitute of feeling, 
may be torn and cut in pieces, without ſhew- 
1 
* Ry death is here meant the general death of the body as a 


ſyſtem, and not the particular death of the ſeveral parts, 
which goes not happen for loms time after. 
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ing that they have any ſenſe of pain, and 
cannot be diſtinguiſhed from ſuch animals as 
are really dead, except in this ſingle circum- 
ſtance, that, by the aſſiſtance of warmth, 
they may ar any time be brought to life. 
In the Northern countries, magpies and 
other ſmaller birds, after being frozen by 
the exceſſive cold, have been ſoon brought 
to life again by warmth *; nay, ſeveral of 
the human kind have been recovered by as 
pitating their bodies, blowing into their 


lungs, or expoſing them to heat, after ha- 


ving been for hours, nay, ſometimes days, to 
all appearance, dead, without pulſe, breath- 
ing, or any degree of natural heat. Had 
not the ſoul been preſent with ſuch bodies, 
and ready to actuate them, is it to be ima- 
gined, that blowing air into the anus or 
lungs, that heat, friction, or any other ſti- 
muli, could, as it were, by ſome magic 
charm, have called it back from diſtant 
regions? Upon the whole, it ſeems certain, 
that, after death, or an entire ſtop of all 
motion in the bodies of animals, the ſoul till 
remains preſent with them, and can be a- 


5 . gain 
# Flora Siberica, praefat · p. 73. ; 
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gain brought to exert its influence, by vari- 
ous kinds of -/timuli-applied to their differ- 
ent parts. May not then the ſame princi- 
ple continue preſent with the ſeveral muſ- 
cles after they are ſeparated from the body, 
and be the cauſe of their motions when ir- 
ritated? And is it not reaſonable to think, 
that the renewal of life in a frozen magpye, 
and of motion in the frozen heart of a ſal- 
mon *, by expoſing them to the heat of a fire, 
was owing to the fame cauſe, viz. to the li- 
ving or ſentient principle, which being pre- 
ſent with the body of the magpye, and the 
ſeparated heart of the ſalmon, was excited 
by the ſtimulus of heat to put them in mo- 
tion? But here it will be ſaid, that, not 
only contrary to the opinion of many Phi- 
loſophers, we ſuppoſe the ſoul to be extend- 
ed, but alſo, in oppoſition to them all ſeem 
to make it diviſible ; F which is the ſecond 
objection mentioned above, and to which 1 
now proceed to give an anſwer. 

As the ſchoolmen ſuppoſed the Di- 
TY to exiſt in every abi, but not in any 
place, which, as a learned and acute writer 


has 


Pg er Parerg. anatom. 7. p. 200, 
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has well obſerved, is to ſay, in Latin, that 
he exiſts every where, but in Eugliſb no where ; 
ſo they imagined the ſoul of man not to oc- 
cupy ſpace, but to exiſt in an indiviſible 
point, Yet, whoever conſiders the ſtructure 
and phenomena of the animal frame, will 
ſoon be convinced that the ſoul is not con- 
fined to an indiviſible point, but muſt be 
preſent at one and the ſame time, if not in 
all the parts of the body where the nerves 
are found, yet, at leaſt, at their origin; i. e. 
it muſt be, at leaſt, diffuſed along a great 
part of the brain and ſpinal marrow. Nay, 
while, in man, the brain is the principle ſeat 
of. the ſoul, where it moſt eminently: diſ- 
plays its powers; it ſeems to exiſt or act ſo 
. equally through the whole bodies of infects, 
and other animals of the loweſt claſs that 
its power or influence ſcarce appears more 
remarkable in one part than another: and 
hence it is, that, in ſuch creatures, the 
ſeveral parts of the body live much longer 
after being ſeparated from each other, than 
they do in man and the other animals more 
nearly reſembling him, where the ſoul ſeems 
chiefly to act on the different parts by means 

of 
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of their connection with the brain and ſpj. 
nal marrow ; or, at leaſt, where the cutting 
off ſuch connexion, ſoon renders the parts 
unfit to be any more acted upon by it. 

IT was not, therefore, altogether without 
reaſon, that ſome of the greateſt Philoſo - 
phers of the laſt and preſent age, 5 
the ſoul to be extended *. 

Bur if the ſoul,, without extenſion; be 
preſent at one and the ſame time in differ- 
ent places of the brain; and if, in many a- 
nimals, it can act along the ſpinal marrow 
for a great while after the head is cut off, 
why may not it alſo actuate parts ſeparated 
from the body, without being extended? 
On the other hand, if we allow the ſoul to 
2 . I do not n why it may not 

continue 

Gaſſendi, Dr Henry. More, Sir 1 Nowton, Dr$am. 
Clarke · 

Gaſſendi argued for the ſoul's 8 n in the follow- 
ing manner. If it be faid, that the ſoul reſides in a. point of 
of the brain, this is either phyſical or mathematical; if phyſi- 
cal, the difficulty ſtill remains, becauſe this is extended, and 
conſiſts of parts, and conſequently; the ſoul muſt be extended 
which occupies it: if mathematical, which has no dimenſions, 
how can the nerves, which are not mathematical lines, all ter- 
minate in that which hath neither length, breaclth, nor thick- 
neſs, Caſſend. object. contra meditat. Deſcartes, p. 32. 33. 
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continue to be preſent with the parts of 
its body after they are ſeparated, as well as 
when they were united. And with reſpect 
to the diviſibility of the ſoul, which is ge- 
nerally thought ro follow from the ſuppo- 
ſition of its being extended; why may it not 
be a ſubſtance ſo perfectly and eſſentially 
one, as that a diviſion or ſeparation of its 
parts would neceffarily infer a deſtruction of 
its eſſence? Further, if the ſoul can be pre- 
ſent in all or in any conſiderable part of the 
body at one and the ſame time without be- 
ing diſcerpible, its ſphere of exiſtence being 
ſo much increaſed, as to act upon the parts 
when ſeparated, will not infer its diviſibility. 
As the DEI T is every where preſent,” and, 
in the infinitely diſtant parts of ſpace, actu- 
ates at the ſame time a vaſt variety of differ- 
ent ſyſtems, without any inconſiſtency with 
his UN IT or INDIVISIBILITY) fo, may 
not the ſouls of animals be preſent every 
where in their bodies, actuating and enliven- 
ing, at the ſame time, all their different mem- 
bers? Nay, further, when' the fibres and 
threads connecting ſome of theſe parts are 
H hh divided, 
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divided, may not the ſoul ſtill act in the ſe- 
parated parts, and yet be only ONE mind? 
IT muſt be owned, there is a great deal 


of difficulty and obſcurity in theſe matters. 
But what hypotheſis can we embrace that 


will clear us of them, or to what part of 
nature can we turn our inquiries where we 
ſhall not find ſomething to puzzle us, ſome 
myſtery at laſt which we cannot unfold? 
Nor is this to be wondered at; ſince, in the 
preſent ſtate, our knowledge is very much 
limited, and we have only accels, as it were, 
to the ſurface of things! But becauſe we 
cannot explain fully, are we therefore in no- 
ways to attempt explaining the operations 
of nature? Becauſe, in accounting for the 
ſpontaneous motions of animals, and ſhew- 
ing their dependence; on the ſoul, there oc- 
cur ſome difficulties with reſpect to the na- 
ture of an immaterial ſubſtance, its manner 
of exiſting, and way of acting upon, or be- 
ing preſent with the body; are we therefore 
to deny the reality, influence and action of 
this principle, which, from a variety of ar- 
guments, appear undeniable? At this rate, 
we ought to give up all inquiry into the 

works 
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works of nature, and, with our arms acroſs, 
fir down contented in ignorance ! | 

Bur, not to perplex ourſelves any long- 
er with metaphyſical difficulties, we ſhall re- 
cite a few experiments and obſervations, 
from which we are led, by the moſt obvious 
analogy, to conclude, that the motions. of 
the ſeparated parts of animals are owing to 
the ſoul or ſentient principle {till continuing 
to act in them. | | 


29. A frog lives, and moves its members, 
for half an hour after its head is cut off “; 
nay, when the body of a frog is divided in 
two, both the anterior and poſterior extre- 
mities preſerve life and a power of motion 
for a conſiderable time. 


30 A young cock, whoſe head Dr Kaan 
ſuddenly cut off with a ſharp razor, as he 
was running with great eagerneſs to his food, 
went on in a ſtreight line 23 Rhinland feet, 
and would have gone farther had he not 
met with an obſtacle which ſtopt him f. 

The 
* Kaau impet. faciens, Ne 331, 
+ Ibid. 
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The ſtory, therefore, mentioned by Lord 
Vernlam, of an oftrich running along the 
ſtage after its head wasſtruck off with a fork- 
ed arrow by one of the Roman Emperors, 
is no 1 improbable *. | 


31. A viper, after being deprived of its 
head and intrails, moved towards a heap 
of ſtones in a garden where it uſed to hide 
itſelf T 5 g | | 


32. Tux bodies of vipers not only move 
two or three days after they have been de- 
prived of their ſkin, head, heart and other 
bowels, but are alſo manifeſtly ſenſible of 
punctures, by means of which they may be 
made to move with greater vivacity. | 


33. ThE female butrerflies into which 
filk worms have been metamorphoſed, not 


only admit the male, after loſing their 
heads, but alſo lay eggs [þ N 


5 Sylve Sylvarum, on the word /;/e. 


+ Kaau impet, faciens, No 331. 
t Boyk's Uſefulneſs of Experim. Philoſ. ry: 2. P. 16. 
|] Ibid, 
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34- REDI informs us, that a land tor- 
toiſe, whoſe brain he extracted by a hole 
made in its ſcull, in the beginning of Novem- 
ber, lived to the middle of May following. 
Immediately after the loſs of its brain, ir 
ſhut its eyes, nor ever opened them any 
more, but continued to move and walk a- 
bout until the time of its death. When 
the ſcull was opened, its cavity appeared 
quite clean and ſmooth, and nothing was 
found in it except a ſmall dry clot of blood. 
The ſame experiment he repeated on vari- 
ous other tortoiſes, ſome of which lived a 
longer, others a ſhotter time, but none of 


them leſs than fifty days *. 


35. A large tortoiſe, whoſe head Redi 
cut off, allowing the blood to flow freely 
from the open veſlels of its neck, lived laf- 
ter this rwenty-three days; and though it 
did not walk about like thoſe which were 
deprived of their brain, yet as often as its 
fore or hind feet were pricked, it moved 
them with great force, and was otherwiſe 
convulſed. In two tortoiſes which he open- 

ed 


o Obſeryatiop. circa animal. yivent, p. 209. & 210. 
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ed fifreen days after decollation, he ſaw the 
hea t beating as in a living animal, and the 
blood circulating through it “. 

HuRF, we are naturally led to obſerve, 
that while thoſe animals who have a ſmall 
brain and large ſpinal marrow, live long af- 
ter decollation; man, and moſt quadru- 
pedes, which have the brain remarkably 
large, ſurvive the loſs of it only for a few 
moments. | 

« IF the motions of a tortoiſe, after de- 
collation (35:), or the loſs of its brain (34. ), 
cannot proceed from mere mechaniſm, but 
muſt be undoubredly aſcribed to the living 
principle which was the cauſe of its moti- 
ons in a ſound ſtate; and if the ſame is true 
of the ations performed by butterflies after 
the loſs of their heads (33.) ; it muſt follow, 
that the motions and other ſigns of life 
which are obſerved in the body and limbs 
of a frog for above half an hour after its 
head is cur off (29.), are to be attributed 
to the ſentient principle, to which its moti- 
ons and actions were owing, when in an en- 
tire ſtate; and if ſo, then the motions of 

this 
Obſervat. circa animal. vivent. p. 212. 213. 


other INVOLUNTARY Mor ros. 431 


this body, when divided into two parts, 
muſt alſo be referred to the ſame cauſe, 
ſince they are of a like kind, although of 
ſhorter duration. Shall we then deny that 
the motions of its ſeparated heart and limbs, 
which are ſimilar to theſe, and are increaſed 
and renewed by the application of the ſame 
cauſes, proceed from the ſentient principle 
{till ating in theſe parts? This would be 
to neglect the ſtrongeſt analogy ; and muſt 
be the more inexcuſable, as no other cauſe 
can be aſſigned, which accounts ſo well for 
the appearances. * 


- | WE 


The learned Dr Porterfeld, who ſuppoſes, with Staß ! and 
others, that the motion of the heart is continued and regulated 
by the ſoul acting, as a wiſe and rational agent, with a view to 
the good of the body, aſeribes the alternate contractions of the 
heart, after its connexion, by means of the nerves, with the 
brain is cut off, to ſome power depending on its mechanical 
conſtruction +. But if the motions of a viper's heart for three 

days after its head has been cut off, and thoſe of the heart of a 
tortoiſe for ſix months after the loſs of its brain, may be owing 
to a mechanical power reſulting from their particular ſtructure, 
why may not the motions of the heart in theſe as well as all 


other animals, from the beginning to the end of life, be owing 
to mechaniſm alone? 

- Indeed, there cannot be a ſtronger argument of the weakn-(: 
of the Stahlian account of the heart's motion, than that one = 


+ See Dr Porierield's treatiſe on the eye, vol. ii. p. 156, and 157. 


* 
10 
* 


- - 
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B We have no other way to ſatisfy our- 
felves that an animal is alive, or endued 
with feeling, bur by obſerving, whether it 
ſhews an uneaſmeſs when any thing hurts, 
or tends to deſtroy any of its parts, and an 
endeavour to remove or avoid it. Since 
therefore the bodies of vipers make juſt the 
fame kind of motions when pricked with a 
ſharp inſtrument, two or three days after 
loſing their head, heart, and other viſcera, 
as if they were entire (32.); we are natu- 
rally ted to conclude, that they are ſtill, in 
ſome ſenſe, alive and endued with feel- 
ing, i. e. animated by a ſentient principle. 
And as the muſcular parts of theſe crea- 
tures move after being cut in pieces, and 
are ſenſible of punctures, it alſo follows, that 
they continue ſtill to be animated *. 
7 Laſtly, 


its ableſt defenders has been reduced to account, in ſuch a man- 
ner, for the motions of that organ after its connexion with the 
brain is cut off, as in fact to give up at once, all that he had 
advanced to prove the neceſſity of calling in the power of the 

mind to explain the vital motions, | 


* ft has been objected, that the ſeparated members of ani- 


mals, though they continue to moye for ſometime, are never- 
thelefs 
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y Laſily, Ir the motions of the muſcles 
in a cock's limbs after decollation (30.), 
Ii i are, 


theleſs neither animated nor endowed with any kind of ſcu- 
ſibility, otherwiſe the animal to which thoſe members belong- 
ed, ought to feel pain when they are irritated. 

As I have given an anſwer to this objection elſewhere , 1 
ſhall only obſerve here, that ſince the nerves, which are conti- 
nuations of the medullary ſubſtance of the brain and ſpinal 
marrow, have been proved to retain their powers of feeling, 
and of putting the muſcles in motion, for ſome time after their 
connexion with the brain is cut off , we have reaſon to believe 
that the motions excited by ſtimuli in the muſcles of animals, 
after they are ſeparated from their bodies, are owing to 
ſome kind of feeling or ſimple ſenſation (ſuch as oyſters and o- 
ther animals of the loweſt claſs, who have no brain, are endu- 
ed with) in thoſe muſcles or their nerves, which though not 
attended with any reflex conſciouſns/ſs, a power the ſoul 
only exerciſes in the brain, is nevertheleſs the immediate occa- 
fion of all thoſe motions which ariſe from the irritation of the 
fibres of the muſcles, whether they be connected with the other 
parts of the body, or newly ſeparated from them. 

And here it is worth remarking, that, while thoſe motions 
which are occaſioned by ſtimulating the fibres of any muſcle, 
continue for ſome little time after its communication with the 
brain, by means of the nerves, has been cut off; ſuch motions 
as proceed from ſympathy, and are owing to the irritation of 
ſome diſtant part, ceaſe as ſoon as the brain is rendered unfit 
for action, or the communication with it is interrupted, be- 
cauſe they depend on a perception in that organ from which 
the nerves proceed, and where alone the cauſe of their ſympa- 
thy is to be found. 

* See my Phyſiological Fſſays, edit. ii. Appendix, p 259 and 260 

+ Ibid. p. 245, Ke. 
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are, without diſpute, owing to its ſoul ; 
may we not alſo aſcribe to the ſame prin- 
ciple, the like, but leſs remarkable, motions, 
in men and quadrupedes, after their heads 
are ſtruck off; and, conſequently, the tre- 
mulous motions and palpitations of their 
hearts too, after death or ſeparation from 
their bodies. 

To ſum vp all in a few words; from 
what has been ſaid, it appears undeniable, 
that the involuntary motions of living ani- 
mals, and the alternate contractions of their 
muſcles, after the general death of the body, 
or their being ſeparated from it, are owing to 
one and the ſame cauſe; viz. an irritation 
of their fibres or nerves, or of ſuch parts 
as are nearly connected with them. If 
then, as we have ſnewn (Sect. x.), that the 
motions of animal fibres, from a /timulus, 
moſt certainly beſpeak a feeling, and cannot 
be explained unleſs we admit it; and if 
feeling be not a property of matter, but 
owing to a ſuperior principle, it muſt follow 
by neceſſary conſequence, that the motions 
of the heart, and other muſcles of animals, 


after being ſeparated from their bodies, are 
| to 
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to be aſcribed to this principle; and that 
any difficulties, which may appear in this 
matter, are owing to our ignorance of the 
nature of the ſoul, of the manner of its ex- 
iſtence, and of its wonderful union with, 
and action upon the body, 


CONCLUSION. 


A Philoſophical inquiries, however agree- 

able and entertaining they, may be to 
the mind, become ſtill more intereſting 
when they can be applied to practice; I 
intended to have ſhewn, how far the theory 
of the vital and other involuntary motions, 
which we have endeavoured to eſtabliſh, 
may be uſeful rowards explaining the nature 
of ſeveral diſeaſes, and conſequently towards 
pointing out the moſt proper method of 
curing them, But, as this Eſſay has ſwelled 
to a much greater bulk than I at firſt ex- 
pected, I ſhall now, omitting that part of 
my deſign, conclude with a reflection of a 


difterent nature, 


FROM 
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FRomM what has been offered, then, in 
the preceding pages, it may appear, - how 
unjuſtly the ſtudy of Phyſick has been ac- 
cuſed of leading men into Scepticiſm and 
irreligion. A little Philoſophy may diſpoſe 
ſome men to Atheiſm ; but a more exten- 
ſive knowledge of nature, will ſurely have 
the contrary effect. If the human frame is 
conſidered as a mere CORPOREAL ſyſtem, 
which derives all its power and energy from 
matter and motion; it may, perhaps, be 
concluded, that rhe IMMENSE UNIVERSE 
iſelf is deſtitute of any higher principle: 
but if, as we have endeavoured to ſhew, the 
motions and actions of our ſmall and incon- 
ſiderable bodies, are all to be referred to 
the active power of an IMMATERTIAL prin- 
ciple; how much more neceſſary muſt it 
be, to acknowledge, as the Author, Suſ- 
tainer, and Sovereign Ruler of the univer- 
ſal ſyſtem, an INCORPOREAL NATURE 
every where and always preſent, of infinite 
power, wiſdom, and goodneſs ; who con- 
ducts the motions of the whole, by the moſt 
conſummate and unerring reaſon, without 

| being 
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being prompred to it by any other impulſe, 
than the original and eternal benevolence 
of his nature ! 


Nam quis non videt, finite ſi breve corpus 
Subjicitur menti, mens quanta ſit illa ſupremo 
Quæ regit arbitrio vaſtum quem condidit orbem ? 
Non poterit ſine conſilio tam parva movers 
Machina, tam fragilis; te gudice, tanta regetur 
Mentis inops ! Credant Epicuri de grege porci *. 


THe true Phyſiology, therefore, of the 
human body, not only ſerves to confute 
thoſe Philoſophers, who rejecting the exiſt- 
ence of IMMATERIAL BEINGS, aſcribe all 
the phenomena and operations in nature to 


the powers of matter and motion; but, at 
laſt, like all other ſound Philoſophy, leads 
us up to the FirsT Cavst and ſupreme 
AUTHOR of ALL, who is ever to be adored 
with the moſt profound reverence by the 
reaſonable part of his creation. 


® Polignac, Anti-Lucret, lib. 5. lin. 1376, Cc. 
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